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© Method and device of toner image transfer for electrophotographic printing apparatus. 



© A method and device of toner image transfer for 
an electrophotographic printing apparatus capable of 
obtaining desired elasticity and the resistivity on the 
electrostatic toner transfer roller, such that the stable 
high quality images can be obtained regardless of 
the environmental conditions. The device includes 
transfer roller (5) having a multi-layer structure with 
^an outermost resistive layer (1), a flexible conductive 
flayer (2) to be inside and electrically connected to 
^the resistive layer (1), and an elastically deformable 
p^etestic sponge rubber layer (3) inside the conductive 
CO layer (2). Related features concerning transfer roller 
0j cleaning, transfer bias voltage application, and toner 
CO control are also disclosed. 
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METHOD AND DEVICE OF TONER IMAGE TRANSFER FOR ELECTROPHOTOGRAPHY PRINTING APPARA- 



TUS 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to an elec- 
trophotographic printing to be utilized in a copy 
machine, a printer in general, a facsimile and likes 
and, more particularly, to an electrostatic toner 
transfer of such an electrophotographic printing and 
associated features. 



Description of the Background Art 

There are two types of apparatus for electro- 
static transfer of toner image from photoconductive 
drum to receiving paper, one using corona charger, 
and the other using a conductive roller or a drum 
with externally applied voltage which is described 
in U.S. Patent Serial No. 2.626,865. 

Of these two. one using corona charger is 
popular in general monochromatic copy machines 
because of its simple structure. In this type of 
apparatus, electric charges are produced by the 
corona charger as corona ions generated by appiy- 
«ng several kV voltage through a fine tangsten 
wires. The generated charges are then applied to 
the receiving paper from behind so that the toner is 
transferred from the photoconductive drum to the 
receiving paper by the electric fields due to the 
charges attached on the receiving papers. 

It has been noted by the present inventors that 
in such an apparatus, the strength of the electric 
fields varies for different receiving papers as dif- 
ferent resistivities of the different receiving papers 
changes the amounts of charges attached on the 
different receiving papers because of the charge 
leakage through the receiving paper, even for the 
same amount of charges generated by the corona 
charger. Such a difference in the electric field 
strength for different receiving papers affects the 
toner transfer efficiency. 

Now, since usual papers generally used as 
receiving papers changes their resistivity signifi- 
cantly according to the surrounding humidity, and 
since the difference in the electric field strength for 
different receiving papers affects the toner transfer 
efficiency, it has been difficult to achieve consistent 
color printing, because the color balance in the 
color printing in which different color toner are 
superposed tends to be disturbed. Even in mon- 
ochromatic printing, the fluctuation in image den- 
sity due to the variation in humidity has been 
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common. 

There is also a problem of image disturbances 
due to scattering of toner on the receiving papers 
caused by spark discharge from charges on the 
5 receiving papers to the photoconductive drum, oc- 
curring in contacting and detaching the receiving 
papers and the photoconductive drum. These are 
problematic enough for monochromatic printing, 
but especially so for color printing the color toner 
w are required to be accurately superposed. 

To cope with such problems, there has been 
some propositions. One proposition is to utilize an 
insulating mesh, as described in Japanese Patent 
Laid Open No. S56-1 64370. However, the toner 
transfer efficiency still varies as the resistivity of 
the receiving papers is changed by the surrounding 
humidity. 

Another proposition is to utilize a soft foamed 
conductive rubber roller, as described in Japanese 
Patent Laid Open No. S50-22640. In this method, 
high quality image is obtainable and, in addition, 
the transfer to thick receiving papers such as en- 
velops and those receiving papers with uneven soft 
surface is possible. 

However, it has been difficult to manufacture a 
foamed conductive rubber roller in accurate shape. 
Moreover, in order to make the foamed rubber 
roller conductive, conductive particles such as con- 
ductive carbon black are mixed in. but the elasticity 
of the roller is changed by the amount of mixture 
so that desired elasticity has been difficult to ob- 
tain. There is also a problem concerning the dis- 
charge inside foams of the foamed conductive rub- 
ber roller which shorten the lifetime of the roller as 
well as worsen the image quality. 

Furthermore, even with the foamed conductive 
rubber roller the toner transfer efficiency varies 
somewhat according to the surrounding humidity 
when the receiving papers are usual papers. This is 
particularly problematic for the color printing which 
requires a stable toner transfer efficiency, since 
this may cause fluctuation in colors among different 
printings. For this reason, it has been necessary to 
set the resistivity of the roller to appropriate value 
which can deal effectively with the variation of the 
surface resistivity of the receiving papers for dif- 
ferent humidities and different receiving papers, as 
described in Japanese Patent Laid Open No. S50- 
150437. This calls for diffusing conductive bodies 
so of same type uniformly at constant density into the 
rubber, which has been extremely difficult. 

In addition, when the contact pressure between 
the roller and the photoconductive drum is large, 
there appears a deterioration of the image called 
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•middle blank' where the toner in the middle of the 
image Is not transferred to the receiving papers. 
The image can also be deteriorated by the fluc- 
tuation of the image densities due to the change of 
the contact pressure between the roller and the 
photoconductive drum, caused by such things as 
the machine vibration. This latter becomes particu- 
larly prominent in high humidity conditions. 

Moreover, it is necessary in this method to 
have structural complication due either to an ac- 
curate gap setting between the roller and the pho- 
toconductive drum or a pivotal configuration for a 
transfer roller. 

The toner transfer efficiency can also be af- 
fected by the transfer bias voltage used in the 
electrostatic toner transfer. 

Namely, for the toner transfer using the corona 
charger, the toner transfer efficiency increases as 
the transfer bias voltage is increased, but only up 
to some maximum toner transfer efficiency, and 
further increase of the transfer bias voltage beyond 
this reduces the toner transfer efficiency. The best 
transfer bias voltage giving the maximum toner 
transfer efficiency tends to take higher values for 
more humid environment, and the maximum toner 
transfer efficiency tends to get lower for such case. 

The present inventors has noted that this is 
caused by the fact that as the surrounding humidity 
increases the surface resistivity of the receiving 
papers decreases because of the moistening, 
which in turn causes the leakage of the corona 
charges, resulting in increase of the transfer bias 
voltage, and that the as the volume resistivity de- 
creases the amount of inverse charges given by 
the receiving papers to the transferred toner in- 
creases, so that there are increased amount of the 
inversely transferred toner which returns to the 
photoconductive drum. Here, the transfer time is 
determined by the time taken by the receiving 
papers to pass through the corona charger, and 
this same time also gives the time for toner layer 
voltage, the time for the toner to transfer, and the 
time for the inverse charges to be given from the 
receiving paper to the transferred toner. This 
means that the toner transfer efficiency can be 
improved by setting an appropriate transfer time. 
This is also true for the transfer using the roller. 

However, it has also been noted by the present 
inventors that for the transfer using the roller the 
toner, transfer efficiency also depends on the re- 
sistivity of the roller. Namely, for the resistivity of 
the roller more than 10 9 Q*cm 2 , the toner transfer 
efficiency drops off as the transfer bias voltage to 
be applied to the toner layer on the photoconduc- 
tive drum decreases, while for the resistivity of the 
roller less than l0 7 Q«cm 2 , the transfer bias voltage 
increases too much, such that the excessive in- 
verse charges given to the toner give rise to the 



increase of the inversely transferred toner. 

Another problem associated with the elec- 
trophotographic printing is that a user have to take 
a trouble of emptying an excess toner container 

5 regularly before it gets overfilled, and refilling the 
emptied toner supply. One of the main cause for 
the increase of such excess toner is developing of 
the area on the photoconductive drum which is 
outside of the area to be covered by receiving 

10 papers of certain size. This ends up in wasting all 
the toner on these extraneous area, and thereby 
increasing the amount of the excess toner as well 
as that of consumed toner. 

To cope with this problem, there is a proposi- 

is tion to control the corona charger so as to reduce 
the wasteful operation, as described in Japanese 
Patent Laid Open No. S56-1 40370. There is also 
another proposition to provide an additional light 
source for deletion of the electrostatic latent im- 

20 ages on the photoconductive drum at the extrane- 
ous area, as described in Japanese Patent Laid 
Open No. S59- 160159. 

However, these are both attemps to control the 
toner electrostatically, so that they offer no solution 

25 for toner which cannot be controlled electrostati- 
cally, such as uncharged toner and toner which is 
physically adhered to the photoconductive drum. 
As a matter of fact, the amount of the so called fog 
toner attached on the portion of the photoconduc- 

30 tlve drum without an electrostatic latent image is 
rather large, and rapidly increases as the photocon- 
ductive drum deteriorates. Moreover, the use of 
additional light source creates various problems 
related to the cost, to the available space, and to 

35 the promotion of the deterioration of the photocon- 
ductive drum due to increased light illumination. 

In addition, for the transfer using transfer roller, 
the contact between the transfer roller and the 
photoconductive drum with the residual toner 

40 causes the attachment of the toner onto the trans- 
fer roller, resulting in the staining of the back of the 
receiving papers. 

To cope with this problem there are proposi- 
tions to separate the transfer roller from the pho- 

45 toconductive drum when there is no receiving pa- 
pers, as described in Japanese Patent Laid Open 
No. S48-40442, and to give the transfer roller a 
bias voltage of the same polarity as that of the 
toner, as described in Japanese Patent Laid Open 

so No. S5 1-9840. 

However, the former requires the complex 
mechanism for driving the transfer roller which cre- 
ates problem in reduction of size and cost, while 
the latter is unable to deal with those which cannot 

55 be controlled electrostatically, such as uncharged 
toner and toner which is physically adhered to the 
photoconductive drum. 

As a solution to this situation, there is a propo- 
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sition of providing a cleaning blade which wipes off 
the attached toner from the transfer roller, as de- 
scribed in Japanese Patent Laid Open No. S48- 
68239. 

Such a cleaning blade for the transfer roller is 
shown in Fig. 1. The cleaning blade 301 makes a 
contact with the transfer roller 302 at a contact 
point 303 on the transfer roller 302, and good 
cleaning condition can be obtained by making an 
angle a between the cleaning blade 301 and a 
tangent line 304 of the transfer roller 302 at the 
contact point 303 acute, and placing a support 
point 305 of the cleaning blade 301 before the 
contact point 303 with respect to a direction of 
rotation A of the transfer roller 301 . 

But. with this configuration where the support 
point 305 is underneath the transfer roller 301 , not 
only a supporting member 306 of the cleaning 
blade 301 gets dirty with the fall of the wiped-off 
toner, but also the accumulation of the fallen 
wiped-off toner on the supporting member 306 may 
interfere with the falling of the wiped-off toner itself 
so that the retrieval of the wiped-off toner becomes 
difficult. 

Furthermore, this cleaning blade 301 is not 
effective for a soft transfer roller and causes the 
staining of the transfer roller 302 and the back of 
the receiving papers, as well as imperfect transfer. 

Moreover, with this cleaning blade 301. a user 
still have to take a trouble of emptying an excess 
toner container regularly before it gets overfilled, 
which can be very frequent when the amount of the 
toner on the transfer roller 302 increases. 

There are also other problems associated with 
these rollers. To put matters in perspective, it Is to 
be noted first that the process of the electrophotog- 
raphic printing essentially comprises of the follow- 
ing steps. 

(1) the charging step in which the surface of 
the photoconductive drum is charged by the cor- 
ona charger; 

(2) the exposure step in which the surface of 
the photoconductive drum is exposed to the light 
from the light source such as a laser diode which 
oscillates between On and Off states in accordance 
with the input signals, such that the electrostatic 
latent image is formed on the photoconductive 
drum; 

(3) the developing step in which the devel- 
oper such as toner is provided to visualize the 
electrostatic latent image on the photoconductive 
drum: 

(4) the transfer step in which the visualized 
toner image is transferred onto the receiving paper, 

(5) the cleaning step in which the residual 
image left over on the photoconductive drum after 
the transfer step is cleaned out; and 



(6) the fixing step in which the toner image 
on the receiving paper is fixed by heating or other 
methods. 

s An example of a conventional laser printer per- 

forming in this manner is shown in Fig. 1. 

In this laser printer, the surface of the pho- 
toconductive drum 101 is uniformly charged by the 
negative corona charger 102, and this surface of 
10 the photoconductive drum 101 is exposed to the 
scanning laser beams from the scanner 103 which 
oscillates between On and Off states in accordance 
with the input signals. The negative charges on the 
exposed portion of the photoconductive drum 101 
is is discharged and the electrostatic latent image is 
formed on the photoconductive drum 101. The 
electrostatic latent image is developed by the de- 
veloping unit 104 equipped with developing roller 
carrying negatively charged toner. The toner image 
20 on the photoconductive drum 101 is then trans- 
ferred onto the receiving paper S by positive 
charger 105, and the transfer sheet S is sent to the 
fixing unit 109 in which the toner image is fixed on 
the receiving paper S. Meanwhile there are some 
25 residual toner left over on the photoconductive 
drum 101 after the transfer step. Such residual 
toner is cleaned by the cleaning blade 107a of the 
cleaning unit 107. Then, the entire photoconductive 
drum 101 is illuminated by the discharging lamp 
30 106 to remove all the remaining charges, before 
returning to the negative corona charger 102 to 
repeat the process. 

The excess toner collected at the cleaning step 
is accumulated in an excess toner container not 
35 shown, and such a user have to take a trouble of 
emptying such an excess toner container regularly 
before it gets overfilled. 

Also, the cleaning step is carried out by the 
cleaning device with the cleaning blade 107a. 
40 which is pressed against the photoconductive drum 
101 to wipe along the surface of the photoconduc- 
tive drum 101, which may mechanically causes 
damages on the photoconductive drum 101, or 
result in forming a film of the toner on the surface 
45 of the photoconductive drum, which can deteriorate 
the image quality. 

One proposition to cope with this situation is to 
perform the developing step and the cleaning step 
altogether by single means, which Is described in 
so the Japanese Patent Laid Open No. S59-1 33573. 
This is based on the fact that in the electrophotog- 
raphic process using reversing developing device, 
the charging of the photoconductive drum can be 
uniform regardless of the presence of the residual 
55 toner, and that with the transfer efficiency of more 
than 70% it is possible for the charges on the 
photoconductive drum to be discharged even when 
they are under the residual toner. 
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However, even in this case, there are some 
memory images appearing, especially under the 
high humidity conditions. This is due to the fact 
that under the high humidity conditions the transfer 
efficiency often drops below 70%. 5 

SUMMARY OF THE INVENTION 

It is therefore the object of the present inven- w 
tion to provide a method and an apparatus for 
electrophotographic printing which can largely be 
free of the influence from the surrounding humidity 
condition, and in which it is possible to obtain 
desired elasticity and the resistivity on the electro- rs 
static toner transfer roller, such that the stable high 
quality images can be obtainable regardless of the 
environmental conditions. 

Another object of the present invention is to 
provide a method and an apparatus for elec- 20 
trophotographic printing which does not cause 
transfer bias voltage fluctuation, photoconductive 
drum damage, and staining of the back of the 
receiving papers. 

Another object of the present invention is to 25 
provide an apparatus for electrophotographic print- 
ing which incorporates a cleaning mechanism that 
can be so effective for the soft roller that the stable 
high quality images can be obtainable with high 
toner transfer efficiency. 30 

Another object of the present invention is to 
provide a method and an apparatus for elec- 
trophotographic printing in which the excess toner 
from the photoconductive drum as well as toner 
consumption can be reduced so that the staining of 35 
the receiving papers can be prevented and the 
maintenance by the user can be simplified. 

Another object of the present invention is to 
provide an apparatus for electrophotographic print- 
ing in which a conventional cleaning device can be 40 
eliminated without the appearance of the residual 
images due to the residual toner on the photocon- 
ductive drum. 

According to one aspect of the present inven- 
tion there is provided a transfer device for an 45 
electrophotographic printing apparatus, in which a 
toner image formed by toner is to be transferred 
onto a receiving paper, comprising: photoconduc- 
tive drum means for carrying the toner image 
formed in accordance with an electrostatic latent so 
image formed thereon; transfer roller means which 
makes contact with the photoconductive drum 
means for effectuating the transfer of the toner 
image onto the receiving paper, the receiving pa- 
per being conveyed between the transfer roller 55 
means and the photoconductive drum means, the 
transfer roller means including: outermost resistive 
layer which makes contact with the receiving pa- 
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per; flexible conductive layer to be inside and elec- 
trically connected to the resistive layer; and elas- 
ticaily deformable elastic layer inside the conduc- 
tive layer; and transfer bias voltage source means 
for applying a transfer bias voltage which causes 
the transfer of the toner image, to the resistive 
layer of transfer roller means. 

According to another aspect of the present 
invention there is provided a transfer device for an 
electrophotographic printing apparatus, in which a 
toner image formed by a toner is to be transferred 
onto a receiving paper, comprising: photoconduc- 
tive drum means for carrying the toner image 
formed in accordance with a electrostatic latent 
image formed thereon; transfer roller means which 
makes contact with the photoconductive drum 
means for effectuating the transfer of the toner 
image onto the receiving paper, the receiving pa- 
per being conveyed between the transfer roller 
means and the photoconductive drum means, the 
transfer roller means having an outer surface which 
makes contact with the receiving paper and which 
has a resistivity which decreases as atmospheric 
vapor pressure increases; and transfer bias voltage 
source means for applying a transfer bias voltage 
which causes the transfer of the toner image, to the 
transfer roller means. 

According to another aspect of the present 
invention there is provided a method of toner im- 
age transfer for an electrophotographic printing ap- 
paratus, in which a toner image formed by a toner 
is to be transferred onto a receiving paper, com- 
prising the steps of: forming an electrostatic latent 
image on an photoconductive drum; developing the 
electrostatic latent image by the toner to obtain the 
toner image; transferring the toner image onto the 
receiving paper by conveying the receiving paper 
to a transfer area, and by applying a transfer bias 
voltage in pulsed form to the receiving paper. 

According to another aspect of the present 
invention there is provided a transfer device for an 
electrophotographic printing apparatus, in which a 
toner image formed by a toner is to be transferred 
onto a receiving paper, comprising: photoconduc- 
tive drum means for carrying the toner image 
formed in accordance with an electrostatic latent 
image formed thereon; transfer roller means which 
makes contact with the photoconductive drum 
means for effectuating the transfer of the toner 
image onto the receiving paper, the receiving pa- 
per being conveyed between the transfer roller 
means and the photoconductive drum means; 
transfer bias voltage source means for applying a 
transfer bias voltage which causes the transfer of 
the toner image, to the transfer roller means; devel- 
oping means for supplying toner to the electrostatic 
latent image on the photoconductive drum means; 
sensor means for detecting an area on the pho- 
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toconductive drum means to be given the toner 
from the developing means; and toner control 
means for controlling the developing means such 
that toner is supplied only to those area detected 
by the sensor means. 

According to another aspect of the present 
invention there is provided a method of toner im- 
age transfer for an electrophotographic printing ap- 
paratus, in which a toner image formed by a toner 
is to be transferred onto a receiving paper, com- 
prising the steps of: forming an electrostatic latent 
image on an photoconductive drum; detecting an 
area on the photoconductive drum to be given the 
toner from the developing means; developing the 
detected area by toner to obtain the toner image; 
and transferring the toner image onto the receiving 
paper by conveying the receiving paper to a trans- 
fer area, and by applying a transfer bias voltage to 
the receiving paper. 

Other features and advantages of the present 
invention will become apparent from the following 
description taken in conjunction with the accom- 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is schematic diagram of a conven- 
tional cleaning blade for the transfer roller. 

Fig. 2 is a schematic diagram of a conven- 
tional laser printer. 

Fig. 3 is a longitudinal sectional view of one 
embodiment of the transfer roller to be incorpo- 
rated in the electrophotographic printing apparatus 
according to the present invention. 

Fig. 4 is a schematic cross sectional view of 
the transfer device using the transfer roller of Fig. 
3. 

Ftg. 5 is a graph of the probability of appear- 
ance of middle blanking versus the transfer pres- 
sure for the transfer device of Fig. 3. 

Fig. 6 is a graph of the toner transfer effi- 
ciency versus the resistivity of the transfer roller 
under different surrounding humidities for the trans- 
fer device of Fig. 3. 

Rg. 7 is a longitudinal sectional view of 
second embodiment of the transfer roller to be 
incorporated in the electrophotographic printing ap- 
paratus according to the present invention. 

Ftg. 8 is a longitudinal sectional view of third 
embodiment of the transfer roller to be incorpo- 
rated in the electrophotographic printing apparatus 
according to the present invention. 

Fig. 9 is a longitudinal sectional view of 
fourth embodiment of the transfer roller to be incor- 
porated in the electrophotographic printing appara- 
tus according to the present invention. 



Fig. 10(A) and (B) are longitudinal sectional 
views of the transfer devices using the transfer 
rollers of Figs. 3 and 8, respectively, for explaining 
the difference between two embodiments. 
5 Fig. 1 1 is a graph of the resistivity per unit 

area of the transfer roller versus the vapor pressure 
of the atmosphere, for fifth embodiment of the 
transfer roller to be incorporated in the elec- 
trophotographic printing apparatus according to the 
10 present invention. 

Fig. 12 is a graph of the toner transfer effi- 
ciency versus the vapor pressure of the atmo- 
sphere for the transfer device using the fifth em- 
bodiment of the transfer roller, 
75 Fig. 13 is a model circuit diagram for ex- 

plaining the effect of the fifth embodiment of the 
transfer roller. 

Fig. 14 is a longitudinal sectional view of 
sixth embodiment of the transfer roller to be incor- 
20 porated in the electrophotographic printing appara- 
tus according to the present invention. 

Fig. 15 is a graph of the resistivity per unit 
area versus the amount of deformation for the 
transfer device using the transfer roller of Fig. 14, 
25 under two different environmental humidity. 

Fig. 16 is a schematic diagram of one em- 
bodiment of an electrophotographic printing ap- 
paratus according to the present invention. 

Fig. 17 is another schematic diagram of the 
30 electrophotographic printing apparatus of Rg. 16 
for explaining the transfer bias voltage to be used 
in this embodiment. 

Figs. 18(A) and (B) are graphs of the amount 
of the toner transferred versus the transfer bias 
35 voltage under different environmental humidities, 
for the apparatus of Fig. 17 and for a conventional 
printing apparatus. 

Rg. 19 is another schematic diagram of the 
electrophotographic printing apparatus of Fig. 16 
40 for explaining the cleaning of the transfer roller in 
this embodiment. 

Fig. 20 is another schematic diagram of the 
electrophotographic printing apparatus of Fig. 16 
for explaining the cleaning of the transfer roller in 
45 this embodiment. 

Fig. 21 is another schematic diagram of the 
electrophotographic printing apparatus of Fig. 16 
for explaining the alternative manner of cleaning 
the transfer roller in this embodiment, 
so Fig. 22 is another schematic diagram of the 

electrophotographic printing apparatus of Rg. 21 
for explaining the transfer roller cleaning blade in 
this embodiment. 

Rgs. 23(A), (B), and (C) are diagrammatic 
55 illustrations of the transfer roller and the transfer 
roller cleaning blade in the apparatus of Rg. 21 for 
explaining the care to be taken in arranging the 
transfer roller cleaning blade. 
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Fig. 24 is a graph of the the angle between 
the tangent line of the transfer roller and the trans- 
fer roller cleaning blade versus the contact pres- 
sure between the transfer roller cleaning blade on 
the transfer roller for the apparatus of Fig. 21. 

Fig. 25 is a graph showing the the effective- 
ness of the cleaning by the transfer roller cleaning 
blade for the waving of different depth and width on 
the transfer roller in the apparatus of Fig. 21 . 

Fig. 26 is a schematic diagram of the ap- 
paratus of Fig. 16 for explaining the manner to 
reduce the excess toner in this apparatus. 

Figs. 27(A) and (B) are partial schematic 
diagrams of the apparatus of Fig. 16 for explaining 
operation by two possible embodiments of the sen- 
sor to be utilized in this apparatus. 

Figs. 28(A) and (B) are partial schematic 
diagrams of the apparatus of Fig. 16 for explaining 
operation of toner supply control to be performed 
in this apparatus. 

Figs. 29(A) and (B) are partial schematic 
diagrams of the apparatus of Fig. 16 for explaining 
timings in the transfer operation in this apparatus. 

Fig. 30 is a timing chart for the transfer 
device control to be carries out by the apparatus of 
Rg. 16. 

Figs. 31(A), (B), and (C) are timing charts for 
the transfer bias voltage control to be carries out 
by the apparatus of Fig. 16. 

Rgs. 32(A). (B), and (C) are partial sche- 
matic diagrams of one variation of the apparatus of 
Fig. 16 for explaining the manner to reduce the 
excess toner in this apparatus. 

Fig. 33 is a schematic diagram of another 
variation of the apparatus of Rg. 16. 

Rg. 34 is a graph of the transfer efficiency 
versus the potential level of the surface of the 
photoconductive drum after the laser illumination, 
for the apparatus of Fig. 16. 

Fig. 36 is a cross sectional view of one 
embodiment of the developing roller to be used in 
the apparatus of Fig. 21. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to Fig. 3, there is shown one 
embodiment of the transfer roller to be incorpo- 
rated in the electrophotographic printing apparatus 
according to the present invention. 

In this embodiment, the transfer roller 5 com- 
prises coaxial layers including a resistive layer 1 , a 
conductive layer 2 inside the resistive layer 1, an 
insulating elastic sponge rubber 3 inside the con- 
ductive layer 2, and a metallic shaft through the 
center. The elastic sponge rubber 3 includes con- 
ductive portions 6 near the side edges which elec- 



trically connects the conductive layer 2 and the 
metallic shaft 4. 

This transfer roller has isolated mechanical and 
electrical functions, so that the roller hardness can 

5 be adjusted by selecting the elastic sponge rubber 
3 while the roller resistivity can be adjusted by 
selecting the resistive layer 1. 

The resistive layer 1 is made of either resin 
such as polyester resin, polyethylene resin, fluoride 

ro resin, or vinyl chloride resin, or rubber diffused with 
fine conductive particles such as those of conduc- 
tive carbon, copper, or nickel, or else flexible resis- 
tive sheets such as conductive polymer resin. The 
resistivity per unit area of the resistive layer 1 is 

rs preferably in a range of 1 x 10 7 - 1 x I0 10 Q«cm 2 , 
within which a range 1 x 10 8 - 5 x 10 8 Q«cm 2 is 
particularly desirable. Such a resistivity per unit 
area can be obtained by changing the amount of 
the fine conductive particles to be diffused in the 

20 resin or the rubber, or by changing the amount of 
ion doner to be mixed into a polymer resin such as 
fluoride resin. Also, the resistivity of the resistive 
layer 1 is preferably free or almost free of influ- 
ences from the environmental humidity. In this re- 

25 gard, the resin sheet structure has a resistivity 
more stable with respect to changes in humidity 
than foamed structure as the resin sheet structure 
does not involves air foams. This enable the resin 
sheet structure to maintain a constant electrical and 

30 mechanical toner transfer conditions regardless of 
the environmental humidity, for receiving papers of 
various different thickness such as papers, envel- 
ops, and postcards to be placed between the trans- 
fer roller 5 and the photoconductive drum. Also, for 

as the sake of cleaning accumulated residual toner on 
roller surface which causes staining of the back of 
the receiving papers, a surface of the resistive 
layer 1 is preferably as smooth as possible. The 
thickness of the resistive layer 1 is desirably as 

40 thin as to be in a range of 0.02 - 2 mm so as not to 
interfere with the flexibility of the elastic sponge 
rubber 3. 

The conductive layer 2 is made of either con- 
ductive resin made by diffusing fine conductive 

4s particles such as those of conductive carbon into 
resin such as polyester, or thin metallic sheets, or 
else conductive adherents. It is important that this 
conductive layer 2 is both conductive and flexible. 
The volume resistivity of the conductive layer 2 

so needs to be sufficiently less than that of the resis- 
tive layer 1, so that it must be less than 10 s Q«cm, 
or more preferably less than 10 5 Q«cm. In addition, 
it is important that the resistive layer 1 and the 
conductive layer 2 is electrically connected, and 

55 the thickness of the conductive layer 2 is also 
desirably as thin as possible so as not to interfere 
with the flexibility of the elastic sponge rubber 3. 
The sufficient flexibility of the elastic sponge rub- 
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ber 3 can be retained by making the total thickness 
of the resistive layer 1 and the conductive layer 2 
to be less than 1/10 of that of the elastic sponge 
rubber 3. 

The elastic sponge rubber 3 is made of com- 
pressibly deformable elastic body such as foamed 
sponge rubber, foamed polyethylene, or foamed 
urethane. As a part of the transfer roller 5 is to 
make a tight contact with the photoconductive 
drum, the elastic sponge rubber 3 needs to be 
capable of reliably repeat deforming flexibly at a 
tightly contacting position and recovering its origi- 
nal shape at a released position. In other words, 
the elastic sponge rubber 3 is preferably highly 
anti-creep and anti-plastic deformation. The foamed 
structure may either be a continuous foam struc- 
ture or a separate foam structure, but the continu- 
ous foam structure is more desirable as it is more 
stable with respect to the surrounding temperature 
shape-wise. The flexibility of the elastic sponge 
rubber 3 can be freely selected by changing the 
material composition, foamed structure and amount 
of foams, and the hardness as long as it is less 
than that corresponding to 30 degree for Japanese 
Industrial Standard (JIS) of the sponge rubber with 
separate foamed structure. To be sufficiently flexi- 
ble, the thickness of the elastic sponge rubber 3 
needs to be more than 2 mm. 

The conductive portions 6 is composed of 
sponge rubber with conductive particles, and is 
harder than the elastic sponge rubber 3. This con- 
ductive portions 6 of the elastic sponge rubber 3 
electrically connects the conductive layer 2 and the 
metallic shaft 4. so that by supplying electricity to 
the metallic shaft 4 voltages can be applied to the 
resistive layer 1. 

Such a transfer roller 5 was manufactured as 
follows. A 10 mm thick layer of urethane sponge 
rubber with the hardness corresponding to 20 de- 
gree for JIS was formed around SUS shaft of 8 mm 
diameter. Then approximately 5 mm from both 
edges of this urethane sponge rubber were made 
to possess the volume conductivity of 10 4 0#cm. 
This urethane sponge rubber was covered with the 
conductive layer of the volume resistivity 10 4 Q«cm 
and the resistive layer of the resistivity per unit 
area 10 s Q«cm 2 . both of which are made of polyes- 
ter resin diffused with conductive carbon or fluoride 
resin with conductive ion doner, for 0.1 mm thick- 
ness each. 

Referring now to Fig. 4, the toner transfer de- 
vice using the transfer roller 5 of Rg. 3 will be 
explained. 

In this transfer device, a receiving paper 9 is to 
be fed in between the transfer roller 5 and an 
photoconductive drum 7 conveying a toner image 
8. As the photoconductive drum 7 rotates in a 
direction indicated by an arrow, the toner image 8 



on the photoconductive drum 7 is brought into a 
transfer area between points B and C, and makes 
contact with the receiving paper 9 there. At this 
point, there Is a transfer bias voltage of approxi- 
s mately 1 to 3 kV with a polarity opposite to that of 
the toner charges(negative in Fig. 4) applied from a 
high voltage generator 10 to the toner image 8, so 
that the toner image 8 is electrostatically trans- 
ferred to the receiving paper 9 and forms an image 
to 11 on the receiving paper 9. At the transfer area 
between the points B and C, the photoconductive 
drum 7 and the receiving paper 9 is in tight contact 
with a wide nip width because of the elastic de- 
formation of the elastic sponge rubber 3 of the 
is transfer roller 5. The flexible structure of the elastic 
sponge rubber 3 also maintain the constantly low 
transfer pressure in this transfer area as well. Also, 
a uniform transfer condition is obtainable over a 
wide range of mechanical roller movement because 
20 the transfer roller 5 is softly in contact with the 
photoconductive drum 7 generally, and the resistiv- 
ity of the resistive layer 1 is almost independent of 
the applied pressure. 

Now, in a transfer by roller in general, exces- 
25 sive transfer pressure causes a prevention of the 
toner from being transferred onto the receiving 
paper 9 in a middle region. For instance, only 
outline edges of the letter images may be trans- 
ferred with blank inside. The relationship between 
30 the probability for occurrence of such 'middle 
blank' and the transfer pressure for the transfer 
device of Fig. 4 is plotted in Fig. 5 in which the 
probability for occurrence of middle blank is repre- 
sented by a ratio of blank area within a prescribed 
35 square image. In practice, it is satisfactory when 
this ratio is less than 10. Thus, for the transfer 
device of Fig. 4, the transfer pressure within a 
range of 20 - 300 g/cm 2 is suitable and, in particu- 
lar, that within a range of 20 -200 g/cm 2 is prefer- 
40 able. It is also to be noted that the relationship of 
Fig. 5 holds for the transfer roller 5 with the elastic 
sponge rubber having the hardness equal to or less 
than that corresponding to 30 degree for JIS. 

The relationship between the volume resistivity 
45 of the resistive layer 1 and the toner transfer effi- 
ciency for the transfer device of Fig. 4 is shown in 
Fig. 6 for four different environmental humidities. In 
Fig. 6, the toner transfer efficiency is represented 
by a ratio of an amount of the toner transferred to 
so the receiving paper 9 with respect to a sum of that 
amount and an amount of the toner left on the 
photoconductive drum 7. 

Now, the resistive resin sheets of the resistive 
layer 1 can be designed solely from the point of 
55 view regarding its electric characteristics. The inad- 
equately small volume resistivity results in a severe 
decrease in the toner transfer efficiency due to the 
discharging between the resistive layer 1 and the 
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photoconductive drum 7 when the transfer bias 
voltage is applied, or production of the inverse 
toner transfer caused by the charge injection from 
the receiving paper 9 to the toner image 8. On the 
other hand, the excessive volume resistivity also 
results in the decrease of the toner transfer effi- 
ciency due to the dropping of the transfer bias 
voltage distributed to the toner layer itself. Thus, 
for the transfer device of Fig. 4, the resistivity per 
unit area within a range of 1 x 10 7 - 1 x 10 10 
ft*cm 2 is suitable and, in particular, that in a range 
of 1 x 10 8 - 5 x 10 8 Q«cm 2 is preferable. As 
shown in Fig. 6, with the resistivity within this 
preferable range the toner transfer efficiency higher 
than 80% is obtainable by the transfer device of 
Fig. 4 even with the environmental humidity of over 
80% RH. 

Thus, in this embodiment of the transfer device 
it is possible to maintain the stable transfer con- 
ditions both mechanically and electrically, and the 
high toner transfer efficiency is obtainable even for 
a high environmental humidity, so that the highly 
satisfactory image production becomes possible. 

There are several other embodiments possible 
for the transfer roller which can most effectively be 
viewed as improvement on the first embodiment 
described above, and some of these other embodi- 
ments will now be described. 

As a second embodiment of the transfer roller, 
Fig. 7 shows a transfer roller which has a conduc- 
tive rubber layer 12 between the conductive layer 2 
of the polyester resin sheets and the elastic 
sponge rubber 3 of the foamed rubber sponge. 
This transfer roller is useful when the reinforcement 
for the adherence between the conductive layer 2 
of the polyester resin sheets and the elastic 
sponge rubber 3 of the foamed rubber sponge is 
desirable. The rest of this third embodiment of Fig. 
7 is substantially identical to the first embodiment 
of Fig. 3. 

As a third embodiment of the transfer roller, 
Fig. 8 shows a transfer roller in which the resistive 
layer 1 is made longer along a direction of axis 
than the conductive layer 2 and the elastic sponge 
rubber 3, so that length d from each edge of the 
resistive layer 1 extends out. This length d is 
preferably within a range of 0.5 - 5 mm for the 
reason to be explained below. In manufacturing, 
the resistive layer can be made sufficiently longer 
along a direction of axis than the conductive layer 
2 and the elastic sponge rubber 3 first and then be 
cut to have the edges extending out for length d. 

Also as a fourth embodiment of the transfer 
roller, Fig. 9 shows a transfer roller similar to that 
of Fig. 8 but the extensions at the edges of the 
resistive layer 1 is obtained by attaching thin in- 
sulative tapes 13a and 13b at the edges of the 
resistive layer 1 of the transfer roller of Fig. 3. The 



insulative tapes 13a and 13b are preferably highly 
smooth and durable against the abrasion. The rest 
of these third and fourth embodiments of Figs. 8 
and 9 are substantially identical to the first embodi- 

5 ment of Fig. 3. 

Referring now to Figs. 10(A) and (B), the op- 
eration of the transfer device using the third em- 
bodiment of the transfer roller of Fig. 8 will be 
explained in contrast to that of the first embodi- 

70 ment. Needless to mention, the following descrip- 
tion of the operation for the third embodiment of 
Fig. 8 equally applies to the fourth embodiment of 
Fig. 9. 

Fig. 10(A) shows a situation for the transfer 

75 device using the transfer roller of the first embodi- 
ment, whereas Rg. 10(B) shows a situation for the 
transfer device using the transfer roller of of the 
third embodiment. In either situation, the transfer 
roller has a length L T r along the axis, the resistive 

20 layer 1 has a length L RL along the axis, and the 
photoconductive drum 7 has a photosensitive por- 
tion 14 of a length L )B along the axis and plastic 
frames 15a and 15b at each edges of the pho- 
tosensitive portion 14. In addition, in Fig. 10(B) the 

25 resistive' layer 1 extends out for 2 mm on both 
edges so that L T r = L RL + 4 mm. The high 
transfer bias voltage of the polarity opposite to that 
of the toner is applied from the high voltage gener- 
ator 10 through a spring board 16 contacting the 

30 metallic shaft 4 to the transfer roller in both situ- 
ations. 

In a situation for the transfer device using the 
transfer roller of the first embodiment shown in Fig. 
10(A), the length of the transfer roller L T r is shorter 

35 than that of the photosensitive portion 14 of the 
photoconductive drum 7 which is U 8 - Thus, when 
the receiving paper 9 whose width is less than the 
length L T r of the transfer roller is inserted between 
the transfer roller and the photoconductive drum 7, 

40 the edges of the elastic transfer roller deforms as 
shown such that the edges of the conductive layer 
2 come very close to or may even touch the 
photoconductive drum 7. When the transfer bias 
voltage is applied in such a situation, there can be 

45 discharging between the conductive layer 2 and 
the photoconductive drum 7, or the contact be- 
tween the conductive layer 2 and the photoconduc- 
tive drum 7 may form a short-circuit. As a result, 
the transfer bias voltage becomes unstable which 

so causes density fluctuations in the image, and the 
pinholes appears on the photosensitive portion 14 
which spoil the photoconductive drum 7. 

On the other hand, in a situation for the transfer 
device using the transfer roller of the third embodi- 

55 ment shown in Fig. 10(B), the length of the transfer 
roller Ltr is longer than that of the photosensitive 
portion 14 of the photoconductive drum 7 which is 
L IB , so that the edges of the conductive layer 2 do 
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not come very close to or touch the photoconduc- 
tive drum 7, and so consequently there Is no 
discharging between the conductive layer 2 and 
the photoconductive drum 7, nor the short-circuit 
due to the contact between the conductive layer 2 
and the photoconductive drum 7. Thus, with the 
third embodiment of the transfer roller, the transfer 
bias voltage can be stable without causes density 
fluctuations in the image, and no pinhole is pro- 
duced on the photosensitive portion 14, The prefer- 
able range for the length d of the each extended 
portion of the resistive layer 1 is determined from 
the condition that there is no spark discharging for 
the high transfer bias voltage of 3 kV, which gives 
a lower limit of 0.5 mm, and that it is not too long 
to break off by the fatigue due to the deformation, 
which gives an upper limit of 5 mm. 

It is to be noted that the transfer roller of the 
first embodiment can be free of these problems 
simply by having the length Ltr longer than the 
length L JB of the photosensitive portion 14 of the 
photoconductive drum 7, but there still remains the 
problems such as that of available space, vibration 
of the transfer roller along the direction of axis, and 
the possibility of extreme deformation. The transfer 
roller of the fourth and fifth embodiments makes 
such considerations unnecessary, without much 
complication in manufacturing. 

As a fifth embodiment of the transfer roller, the 
composition of the resistive layer 1 in the first 
embodiment of Fig. 3 is modified as follows. 

In this fifth embodiment, the resistive layer 1 
possesses the characteristic that its resistivity de- 
creases as the atmospheric vapor pressure in- 
creases. Such a resistive layer 1 can be made of 
either conductive polyvinylidene fluoride, polyure- 
thane, polysilicone, or polyester with conductive 
carbon diffused. The resistivity per unit area of the 
resistive layer 1 is preferably in a range of 1 x 10 7 
- 5 x 10 9 Q«cm 2 , when the atmospheric vapor 
pressure .is in a range of 10 - 40mb. 

As in the first embodiment of Rg. 3, the resis- 
tive layer 1 is to have a sheet structure so that it 
has a resistivity more stable with respect to 
changes in humidity than foamed structure as the 
sheet structure does not involves air foams. This 
enable the sheet structure to maintain a constant 
electrical toner transfer conditions regardless of the 
environmental temperature and humidity, for re- 
ceiving papers of different thickness such as pa- 
pers, envelops, and postcards between the transfer 
roller and the photoconductive drum. Also, for the 
sake of cleaning accumulated residual toner on the 
surface which causes staining of the back of the 
receiving papers, the resistive layer 1 is preferably 
as smooth as possible. The thickness of the resis- 
tive layer 1 is desirably as thin as to be in a range 
of 0.02 - 2 mm so as not to interfere with the 



flexibility of the elastic sponge rubber 3. 

In addition, the resistive layer 1 in this fifth 
embodiment preferably has the resistivity largely 
independent of the applied pressure, to ensure the 
5 stable supply of the transfer bias voltage to the 
toner. Here, the resistivity completely independent 
of the applied pressure is clearly more desirable, 
but that which has a linear relationship with the 
applied pressure, or that which has a step function 
70 like relationship with the applied pressure around a 
certain threshold may also be used. 

The rest of this fifth embodiment is substan- 
tially identical to the first embodiment of Fig. 3. 
Such a transfer roller according to the fifth 
is embodiment was manufactured as follows. A 10 
mm thick layer of urethane sponge with the hard- 
ness corresponding to that of 20 degree for JIS 
was formed around SUS shaft of 8 mm diameter. 
Then approximately 5 mm from both edges of this 
20 urethane sponge rubber layer were made to pos- 
sess the volume conductivity of 10* Q«cm. This 
urethane sponge rubber layer was covered with the 
conductive layer of the volume resistivity 2 x 10 s 
Q«cm and the resistive layer of the resistivity 1 x 
25 10 8 Q^cm 2 both of which are made of poly- 
vinylidene fluoride, for 0.1 mm thickness each. 

Also, for the sake of comparison, the transfer 
roller with its resistive layer covered by approxi- 
mately 50um thick polyvinylidene chloride was 
30 manufactured as a transfer roller largely indepen- 
dent of the environmental humidity according to 
Japanese Patent Laid Open No. S51 -59636. 

The relationships between the resistivity per 
unit area and the atmospheric vapor pressure with 
35 the transfer bias voltage of 1.5 kV for these two 
transfer rollers are shown in Fig. 11. As shown, for 
the transfer roller according to the fifth embodi- 
ment, the resistivity of the resistive layer 1 de- 
creases as the atmospheric vapor pressure in- 
40 creases, and changes from about 1 x 10 9 Q«cm 2 
to about 1 x 10 7 Q«cm 2 as the atmospheric vapor 
pressure changes from 10 mb to 40mb. On the 
contrary, the compared example shows an almost 
constant resistivity with respect to the atmospheric 
46 vapor pressure. 

The same relationship between the probability 
for occurrence of middle blank and the transfer 
pressure for the transfer device for the first em- 
bodiment shown in Fig. 5 above can be obtained 
so by using the fifth embodiment of the transfer roller. 

Next, the relationship between the atmospheric 
vapor pressure and the toner transfer efficiency for 
the transfer device using the fifth embodiment of 
the transfer roller as well as for that using the 
55 transfer roller largely independent of the environ- 
mental humidity as a comparison were measured, 
the result of which is shown in Fig. 12 for four 
different atmospheric vapor pressures. In Rg. 12, 
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the toner transfer efficiency is represented by a 
ratio of an amount of the toner transferred to the 
receiving paper 9 with respect to a sum of that 
amount and an amount of the toner left on the 
photoconductive drum 7. As shown in Fig. 12, the 
transfer device using the fifth embodiment of the 
transfer roller is capable of maintaining over 80% 
of the toner transfer efficiency for a wide range of 
the atmospheric vapor pressure ( corresponding to 
conditions between 10* C, 25% humidity and 
40* C, 90% humidity ), whereas the compared ex- 
ample of the transfer roller largely independent of 
the environmental humidity the toner transfer effi- 
ciency dropped down below 80% as the atmo- 
spheric vapor pressure was increased. Since it is 
practically satisfactory when the toner transfer effi- 
ciency is above 80%. the result shown in Fig. 12 
makes the clear distinction of the fifth embodiment 
of the transfer roller. 

This difference between the transfer device us- 
ing the fifth embodiment of the transfer roller and 
that using the transfer roller largely independent of 
the environmental humidity can be explained as 
follows. 

The process of toner transfer can be consid- 
ered electricaily as being represented by a simple 
model in which the photoconductive drum, the 
toner layer, the receiving paper, and the transfer 
roller can be represented by respective resistances 
R s , Rt. R P . and R r in series, as shown in Fig. 13. In 
this model, the transfer bias voltage V is divided up 
into V SI V t , V p , and V f by the resistances R St R t , R p . 
R r . Now, in order for the toner layer to be trans- 
ferred from the photoconductive drum to the re- 
ceiving paper, enough voltage to overcome the 
electrostatic attraction between the toner layer and 
the photoconductive drum must be applied to the 
toner layer. This voltage to be applied to the toner 
layer is given by: 

V t - [Rt/(Rs + Rt + Rp + Rr)]V (1) 
Among what's involved in this equation (1), the 
resistance corresponding to the receiving paper R p 
can be changed easily. In particular, when the 
receiving paper is hygroscopic paper this resis- 
tance R p can drop down to the order of 10 s $2»cm 
as the atmospheric vapor pressure increases. In 
addition, the resistance R t corresponding to toner 
itself can also be affected by the atmospheric 
vapor pressure, although to a lesser extent com- 
pared with the receiving paper. Thus, for the trans- 
fer roller largely independent of the environmental 
humidity, with low atmospheric vapor pressure the 
resistance Rt of the toner layer can remain to be 
higher than the resistance Rr of the transfer roller, 
and therefore the voltage V, on the toner layer can 
be sufficiently high, but with increases of the at- 
mospheric vapor pressure the resistance Rt of the 
toner decreases while the resistance of the transfer 



roller stays the same so that the resistance Rt of 
the toner can no longer be higher than the resis- 
tance Rr of the transfer roller, and consequently the 
voltage Vt as well as the toner transfer efficiency 

5 decreases. On the other hand, for the transfer 
device using the fifth embodiment of the transfer 
roller, as this transfer roller has the resistivity which 
decreases as the atmospheric vapor pressure in- 
creases, the resistance Rr of the transfer roller 

w decreases along with the decreases of the resis- 
tance Rt of the toner so that the the voltage Vt and 
consequently the toner transfer efficiency are large- 
ly unaffected by the change in the atmospheric 
vapor pressure. In other words, in the transfer 

rs device using the fifth embodiment of the transfer 
roller, the change in the resistivity of the toner due 
to the charge in the atmospheric pressure is effec- 
tively compensated by the change in the resistivity 
of the transfer roller such that the toner transfer 

20 efficiency remains unaffected. Obviously, the resis- 
tances in the above argument can be replaced by 
the volume resistivity. In this regard, it is to be 
noted that when the resistivity per unit area of the 
resistive layer 1 of the transfer roller becomes less 

25 than 1 x 10 7 Q# cm 2 , there appears the charge 
injection from the transfer roller to the receiving 
paper causing the charge flow into the toner which 
produces toner of the inverse polarity, resulting in 
the decrease of the toner transfer efficiency. It is 

30 also to be noted that when the resistivity per unit 
area of the resistive layer 1 of the transfer roller 
becomes more than 1 x 10 10 n«cm 2 , the voltage 
Vr applied to the transfer roller becomes too large 
and the voltage Vt applied to the toner becomes 

35 too small such that the toner transfer efficiency 
decreases. 

As an sixth embodiment of the transfer roller. 
Fig. 14 shows a transfer roller in which the first 
embodiment of the transfer roller of Fig. 3 is 

40 equipped with guiding rings 18a and 18b at the 
side edges. Each of these guiding rings 18a and 
18b has a radius smaller than that of the transfer 
roller itself by about 300um, and is made of in- 
compressible insulator such as terlinguaite. The 

45 rest of this sixth embodiment of Fig. 14 is substan- 
tially identical to the first embodiment of Fig. 3. 

The toner transfer device using the transfer 
roller of Fig. 14 will now be explained. 

In this transfer device, a receiving paper 9 is to 

so be carried in between the transfer roller 5 and an 
photoconductive drum 7 conveying an electrostatic 
latent toner Image 8. As the photoconductive drum 
7 rotates in a direction indicated by an arrow, the 
toner image 8 on the photoconductive drum 7 is 

55 brought into a transfer area between points B and 
C, and makes contact with the receiving paper 9 
there. At this point, there is a transfer bias voltage 
with a polarity opposite to that of the toner charges 
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applied from a high voltage generator 10 to the 
toner image 8, so that the toner image 8 is elec- 
trostatically transferred to the receiving paper 9 
and forms an image 11 on the receiving paper 9. 
The transfer bias voltage is required to be approxi- 
mately 2 kV for a normal imaging in which the 
image is formed by the toner which has the polarity 
opposite to that of the toner charges on the pho- 
toconductive drum 7 attached on the charged por- 
tion of the photoconductive drum 7, and approxi- 
mately 1 kV for reverse imaging in which the image 
is formed by the toner which has the polarity equal 
to that of the toner charges on the photoconductive 
drum 7 attached on the uncharged portion of the 
photoconductive drum 7. At the transfer area be- 
tween the points B and C, the photoconductive 
drum 7 and the receiving paper 9 is in contact with 
a wide and constant nip width because of the 
elastic deformation of the elastic sponge rubber 3 
and the guiding rings 18a and 18b which have 
diameters smaller than that of the transfer roller. 
The flexible structure of the elastic sponge rubber 
3 also maintain the constantly low transfer pressure 
in this transfer area as well. Also, a uniform transfer 
condition is obtainable over entire mechanical con- 
ditions. 

The same relationship between the probability 
for occurrence of middle blank and the transfer 
pressure for the transfer device for the first em- 
bodiment shown in Fig. 5 above can be obtained 
by using the sixth embodiment of the transfer roll- 
er. 

The relationship between the amount of de- 
formation of the transfer roller in a direction of its 
radius and the resistivity per unit area of the trans- 
fer roller for the transfer device using the transfer 
roller of Fig. 14 is shown in Fig. 15 for two different 
environmental humidities. Here, the amount of de- 
formation of the transfer roller in the direction of its 
radius is given by subtracting the radius of the 
guiding rings from the sum of the radius of the 
transfer roller and the thickness of the receiving 
paper. In Fig. 15, a region in which the toner 
transfer efficiency becomes higher than 90% is 
shown as shaded, where as before the toner trans- 
fer efficiency is represented by a ratio of an 
amount of the toner transferred to the receiving 
paper 9 with respect to a sum of that amount and 
an amount of the toner left on the photoconductive 
drum 7. 

As before, the resistive resin sheets of the 
resistive layer 1 can be designed solely from the 
point of view regarding its electric characteristics. 
The inadequately small resistivity results in a se- 
vere decrease in the toner transfer efficiency due 
to the spark discharge between the resistive layer 
1 and the photoconductive drum 7 when the trans- 
fer bias voltage is applied, or production of the 



inverse toner transfer caused by the charge injec- 
tion from the receiving paper 9 to the toner image 
8. On the other hand, the excessive volume re- 
sistivity also results in the decrease of the toner 
5 transfer efficiency due to the dropping of the trans- 
fer bias voltage distributed to the toner layer itself. 
Thus, for the transfer device using the transfer 
roller of Fig. 14, the resistivity per unit area within a 
range of 1 x 10 7 - 1 x 10'° Q*cm 2 is suitable and, 
10 in particular, that in a range of 1 x 10 8 - 5 x 10 
□•cm 2 is preferable. As shown in Fig. 15, with the 
resistivity per unit area within this preferable range 
the toner transfer efficiency higher than 90% is 
obtainable by the transfer device using the transfer 
;s roller of Fig. 14 even with the environmental humid- 
ity of over 90% RH. 

The change in the amount of deformation of 
the transfer roller also causes increase in the nip 
width which determines the time of contact among 
20 the photoconductive drum 7, the receiving paper 9 
and the transfer roller, i.e., the transfer time. Fig. 15 
shows values of the amount of deformation and the 
resistivity per unit area of the transfer roller which 
give the toner transfer efficiency of over 90% when 
25 the photoconductive drum moves at a speed of 100 
mm/sec. The amount of the deformation is prefer- 
ably less than 300 urn, and more preferably less 
than 150 urn. For this reason, it is desirable for the 
guiding rings 18a and 18b to have the radius less 
30 than that of the transfer roller by not more than 300 
um. When the speed of the photoconductive drum 
is increased, the transfer time corresponding to the 
same nip width is shortened, and the allowed 
amount of deformation increases. However, in- 
35 crease of the speed of the photoconductive drum 
also increases the possibility for the middle blank, 
so the aforementioned range for the allowed 
amount of deformation is more desirable. 

The guiding rings 18a and 18b made of a hard 
40 insulator are preferably placed such that it makes 
contact with the peripheral region of the photocon- 
ductive drum 7, so as not to damage the image 
forming region of the photoconductive drum 7. The 
guiding rings 18a and 18b may be covered with 
45 soft rubber in order to increase friction between the 
photoconductive drum 7 and the guiding rings 18a 
and 18b, for assisting the rotation of the transfer 
roller. 

Referring now to Fig. 16, the electrophotog- 
so raphic printing apparatus with the transfer device 
using the transfer roller of the present invention will 
be explained. Here, in principle, the transfer roller 
can be any one of the various embodiments de- 
scribed above. 
55 Fig. 16 shows an electrophotographic printing 
apparatus with a reverse developing device. In this 
apparatus, negative charges 23 is generated on a 
photoconductive drum 21 by a charger 22. This 
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photoconductive drum 21 with negative charges 23 
is then illuminated by light signals 24 such as laser 
beams so as to have a reversed electrostatic latent 
image formed. This electrostatic latent image is 
developed by a developing device 26 so as to have 
a visible image 27 formed on the photoconductive 
drum 21. The developing device 26 possesses a 
developing roller 70 biased by a bias voltage 
source 25 with a negative bias voltage of approxi- 
mately 600 V, which is approximately equal to the 
surface potential of the photoconductive drum 21. 
The toner of negative polarity contained in the 
developing device 26 is also biased by the same 
voltage through the developing roller 70. This visi- 
ble image 27 is then transferred to a receiving 
paper 28 which is conveyed between the photocon- 
ductive drum 21 and a transfer roller 29 which has 
positive voltage of approximately 2kV applied from 
a transfer bias voltage source 20, so as to have a 
toner image 31 formed on the receiving paper 28. 
The residual toner 32 left over on the photoconduc- 
tive drum 21 is cleaned out by the cleaning device 

33, and the negative charge 23 on the photocon- 
ductive drum 21 is cleared by the elimination lamp 

34, before returning to the charger 22 to repeat the 
process. 

In this electrophotographic printing apparatus, 
the application of the transfer bias voltage is prefer- 
ably done in pulsed form, as shown in Fig. 17. 

For the transfer roller 29 with a nip width of 
about 2 mm the transfer time is approximately 0.02 
sec at a process speed of 100 mm/sec. For such a 
transfer roller 29 the transfer bias voltage in pulsed 
form with a pulse width 0.005 sec and the period 
0.01 sec is suitable. This pulse period is deter- 
mined such that there is no accumulation of 
charges on neither the receiving paper 28 nor the 
transfer roller 29. 

The relationship between the amount of toner 
transferred and the absolute value of the transfer 
bias voltage of both pulsed and non-pulsed types 
are plotted in Figs. 18(A) and 18(B) for the envi- 
ronmental humidity of 40% RH and 80% RH, re- 
spectively. 

In case of 40% RH environmental humidity 
shown in Fig. 18(A), the non-pulsed transfer bias 
voltage represented by a curve A shows the toner 
transfer efficiency reaches the maximum value of 
90% at the transfer bias voltage of absolute value 
about 1.2 kV, and the toner transfer efficiency 
sharply drops around this maximum. On the other 
hand, the pulsed transfer bias voltage represented 
by a curve B shows the toner transfer efficiency 
reaches the "maximum value of 90% over an ex- 
tended range between 2 kV and 3kV. 

In case of 80% RH environmental humidity 
shown in Fig. 18(B) in which both the toner as well 
as the receiving paper 28 are moistened, the non- 



pulsed transfer bias voltage represented by a curve 
C shows the toner transfer efficiency reaches the 
somewhat smaller maximum value of 80% at the 
transfer bias voltage of absolute value about 1 .8 kV 

5 which differs from the case of 40% RH environ- 
mental humidity. On the other hand, the pulsed 
transfer bias voltage represented by a curve D 
shows the toner transfer efficiency reaches the 
maximum value of 90% over an extended range 

w between 2 kV and 3.5kV. 

Thus, with the pulsed transfer bias voltage, not 
only can the maximum amount of toner transferred 
be maintained between two different environmental 
humidities, but this maximum can be obtained for 

15 the transfer bias voltage of the same absolute 
values, so that the stability of toner transfer can be 
greatly improved. 

Moreover, this transfer roller 29 has a resistivity 
per unit area of roughly 10 8 Q»cm 2 , but this value of 

20 the resistivity per unit area can vary between 
l0 7 Q«cm 2 and 10 8 0«cm 2 in manufacturing process. 
For this reason the transfer bias voltage source 30 
is equipped with a variable resister 35 as a protec- 
tion, and in this respect the use of the pulsed 

25 transfer bias voltage has an added advantage of 
being capable to make the protection adaptable to 
a wider range of variation in the surface resistivity 
than the non-pulsed transfer bias voltage. 

It is to be noted that the improved toner trans- 

30 fer efficiency and its stability against the envi- 
ronmental conditions by the use of the pulsed 
transfer bias voltage is achievable primarily be- 
cause with the pulsed transfer bias voltage the time 
for the inverse charges from the receiving paper 28 

35 to get injected into the toner can be eliminated, so 
that the inverse transfer of the toner can be pre- 
vented. From this point of- view, the transfer bias 
voltage may also be obtained as an AC voltage 
biased by a DC voltage instead of the strictly 

40 pulsed one like that shown in Fig. 17. 

Now, in the electrophotographic printing ap- 
paratus of Fig. 16, the toner of a part of the visible 
image 27 outside the size of the receiving paper 28 
will be transferred directly onto the transfer roller 

45 29 itself and contaminates the transfer roller 29. 
Also, with a mistake of conveying the receiving 
paper 28 the whole visible image 27 will be trans- 
ferred directly onto the transfer roller 29. In addi- 
tion, even under the normal operation, the transfer 

so roller 29 can be contaminated by drifting toner. 
Such a contamination of the transfer roller 29 by 
the toner not only causes staining of the back of 
the receiving paper 28, but the insulative toner on 
the transfer roller may also contributes to the trans- 

55 fer fluctuation. 

The manner of cleaning the contaminated 
transfer roller 29 will now be explained with re- 
ferences to Figs. 19 and 20. 
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In an embodiment shown in Rg. 19, there is 
provided a control charger 36 located above the 
transfer roller 29 which applies positive voltage on 
negatively charged toner 37 sticking on the transfer 
roller 29. By this control charger 36, the negatively 
charged toner 37 is turned into positively charged 
toner 38 as it passes. The positively charged toner 
38 is then back-transferred to photoconductive 
drum 21 by the transfer bias voltage of 600V 
applied by the transfer bias voltage source 30. As a 
result, the positively charged toner 39 appears on 
the photoconductive drum 21 , which is subsequent- 
ly cleaned by the cleaning device 33 just as the 
residual toner 31 from the original transferring. 
Here, the surface potential of the photoconductive 
drum 21 is preferably less than around 100V. 

Such a cleaning of the transfer roller 29 can be 
done by reserving one rotation of the photoconduc- 
tive drum 21 following that of the original transfer- 
ring exclusively for this purpose. The developing 
device 26 can be de-activated during this process 
of cleaning the transfer roller 29. 

Alternatively, in another embodiment shown in 
Fig. 20, there is also provided a control charger 36 
located above the transfer roller 29 which applies 
positive voltage on negatively charged toner 37 
sticking on the transfer roller 29. By this control 
charger 36, the negatively charged toner 37 is 
turned into positively charged toner 38 as it 
passes. The positively charged toner 38 is then 
back-transferred to photoconductive drum 21. Here, 
the back-transferring of the positively charged up 
toner 38 is accomplished by the surface voltage of 
the photoconductive drum 21 which is changed to 
be -600V by the charger 22, Accordingly, in this 
alternative embodiment of Fig. 20, there is no need 
for the transfer bias voltage to be applied to the 
transfer roller 29 in cleaning the transfer roller 29. 
As in the previous embodiment, the positively 
charged toner 39 appears on the photoconductive 
drum 21 as a result which is subsequently cleaned 
by the cleaning device 33 just as the residual toner 
31 from the original transferring. As in the previous 
embodiment, this cleaning of the transfer roller 29 
can be done by reserving one rotation of the pho- 
toconductive drum 21 following that of the original 
transferring exclusively for this purpose. The devel- 
oping device 26 can be de-activated during this 
process of cleaning the transfer roller 29. 

The cleaning the contaminated transfer roller 
29 can also be accomplished by using a cleaning 
blade for this purpose. This manner of cleaning will 
now be explained with reference to Rg. 21 . 

In Rg. 21, the electrophotographic printing ap- 
paratus of Rg. 16 is further equipped with a trans- 
fer roller cleaning blade 40 attached to the transfer 
roller 29, and a excess toner container 41 for 
collecting excess toner 42 cleaned off from the 



transfer roller 29 by the transfer roller cleaning 
blade 40. 

The transfer roller cleaning blade 40 can be 
made of either rubbers such as polyurethane rub- 
5 ber, nitriie rubber, and ethylene propylene rubber, 
or plastics such as that of polyethylene and of 
polycarbonate. The blade contact pressure of the 
transfer roller cleaning blade 40 is preferably within 
a range of 100 - 400 g / 20 cm. and more desirably 
10 within a range of 150 - 300 g / 20 cm. Too small 
blade contact pressure results in insufficient clean- 
ing, whereas too large blade contact pressure ob- 
structs the rotation of the transfer roller 29 and 
could also cause damage on the transfer roller 29. 
is Also, in relation to this, the transfer roller should 
not have, on its surface, a concavity deeper than 
150 Jim, and more desirably not deeper than 120 
um, in order to facilitate effective cleaning. 

Regarding this transfer roller cleaning blade 40, 
20 further care need to be taken in its arrangement 
with respect to the transfer roller. 

In Fig. 22. an example of detail configuration 
and its arrangement of the transfer roller cleaning 
blade 40 is shown in relation with the transfer roller 
25 29. In this example, the transfer roller cleaning 
blade 40 is supported by a supporting member 43 
which is pivotal around a pivot point 44. and which 
brings the transfer roller cleaning blade 40 into 
contact with the transfer roller 29 under the pulling 
30 force exerted by a spring member 45, The transfer 
roller cleaning blade 40 is held such that a tangent 
line 46 of the transfer roller 29 at a contact point 47 
of the transfer roller cleaning blade 40 and the 
transfer roller 29 makes an acute angle a with the 
35 transfer roller cleaning blade 40. In addition, the 
pivot point 44 of the supporting member 43 is 
arranged to be located to the transfer roller side of 
the tangent line 46. The transfer pressure of the 
transfer roller 29 on photoconductive drum 21 is 
40 set to be less than 200 g/cm 2 in accordance with 
the nip width of approximately 2 mm, so that a line 
pressure is 40 g/cm. The blade contact pressure 
between the transfer roller 29 and the transfer roller 
cleaning blade 40 is set to be about 15 g/cm. This 
45 blade contact pressure is sufficiently small when it 
is less than the transfer pressure by more than 5 
g/cm, as far as the motion of the transfer roller 29 
is concerned. 

Referring now to Figs. 23(A), (B), and (C), the 
so reason for this particular arrangement of the trans- 
fer roller cleaning blade 40 will be explained. 

Rg. 23(A) shows a situation opposite to the 
arrangement described above such that the pivot 
point 44 of the supporting member 43 is arranged 
55 to be located to the opposite side of the transfer 
roller side of the tangent line 46. In this case, a 
diagram for the force exerted by the transfer roller 
cleaning blade 40 on the transfer roller 29 is shown 
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in Fig. 23(B). As shown in Fig. 23(B), a force F TL 
along the tangent line 46 has a component F LT H in 
a direction from the contact point 47 to the pivot 
point 44 and another component F LT P in a direction 
perpendicular to that from the contact point 47 to 5 
the pivot point toward the transfer roller 29. Thus, 
this latter component F LT P acts to bore the transfer 
roller cleaning blade 40 into the transfer roller 29, 
which could not only hamper the motion of the 
transfer roller 29 but also damage the transfer roller 10 
29 resulting in insufficient transferring as well as 
cleaning. 

On the contrary, for the arrangement described 
above in which the pivot point 44 of the supporting 
member 43 is arranged to be located in the trans- is 
fer roller side of the tangent line 46, a diagram for 
the force exerted by the transfer roller cleaning 
blade 40 on the transfer roller 29 is shown in Fig. 
23(C). As shown in Fig. 23(C), a force F-n. along the 
tangent line 46 has a component Ftl h in a direction 20 
from the contact point 47 to the pivot point 44 and 
another component Ftl p in a direction perpendicu- 
lar to that from the contact point 47 to the pivot 
point away from the transfer roller 29. Thus, the 
boring in of the transfer roller cleaning blade 40 is 25 
prevented because of the latter component Ftl p 
constantly acts to push the transfer roller cleaning 
blade 40 up in this case. Here, the sufficient clean- 
ing ability is also provided by the acute angle a 
between the tangent line 46 and the transfer roller 30 
cleaning blade 40. As a result, the balance between 
the component Ftl p and the external force exerted 
by the spring member 45 can provide a stable 
cleaning ability of the transfer roller cleaning blade 
40. It is obvious from the foregoing explanation that 35 
the position of the pivot point 44 with respect to the 
point of contact 47 is irrelevant so that a counter- 
configuration like one shown in Fig. 1 for the back- 
ground art can be equally satisfactory as long as 
the above conditions concerning the position of the 40 
pivot point 44 with respect to the tangent line 46 
and the angle a between the tangent line 46 and 
the transfer roller cleaning blade 40 are satisfied. 

Fig. 24 shows a relationship between the angle 
a between the tangent line 46 and the transfer 45 
roller cleaning blade 40 and the blade contact 
pressure between the transfer roller cleaning blade 
40 on the transfer roller 29. As shown, The angle a 
less than 30* and the blade contact pressure more 
than 10 g/cm is more satisfactory. This blade con- 50 
tact pressure should in any case be less than 500 
g/cm in order to avoid permanent deformation of 
the transfer roller 29. Furthermore, when the trans- 
fer pressure between the photoconductive drum 21 
and the transfer roller 29 is set to be less than 200 55 
g/cm 2 or equivalently 40 g/cm, and still the transfer 
roller 29 is to be rotated as a reaction to the 
rotation of the photoconductive drum 21 , the blade 
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contact pressure needs to be less than 35 g/cm. 
Consequently, most desirable value of the blade 
contact pressure is within a range of 10 - 35 g/cm. 

In addition, the transfer roller 29 may have 
concavities on its surfaces in which the toner can 
pile up which cannot be cleaned well. Such a 
concavity is either a roughness of the surface lay- 
er, or else a waving of 2 - 3 mm wavelength arising 
when the surface layer is placed over an elastic 
body. As for the concavity due to the roughness of 
the surface layer, its depth is preferably less than a 
typical size of the toner particle which is usually 
about 12 urn. Thus, the depth of this type of 
concavity is preferably less than 5 urn, since there 
is only about 5% of the toner particle with size 5 
urn so that the contamination of the transfer roller 
29 by such small percent of the toner can prac- 
tically be negligible. As for the concavity due to the 
waving, the effectiveness of the cleaning by the 
transfer roller cleaning blade 40 is shown for the 
waving of different depth and width, in Fig. 25. As 
shown in Fig. 25, the depth is preferably be less 
than 20 um in order for the sufficient cleaning by 
the transfer roller cleaning blade 40. Fig. 25 also 
shows that the width of the waving has little effect 
on the cleaning ability by the transfer roller clean- 
ing blade 40. 

As already mentioned in the description of the 
background art, it is desirable to minimize the 
amount of such excess toner to be collected and 
discarded. Such a reduction of the excess toner 
can be furnished as follows. 

Fig. 26 shows relevant parts of the elec- 
trophotographic printing apparatus capable of such 
reduction of the excess toner. Here, there is pro- 
vided a sensor 80 which detects a front edge P F 
and the rear edge P* of the receiving paper 28 as 
it is conveyed between the photoconductive drum 
21 and the transfer roller 29. The sensor 80 notifies 
a microcomputer 81 about these detections by 
sensor signals S. This microcomputer 81 pos- 
sesses a toner supply control program which con- 
trols a toner supply control unit 82 of the develop- 
ing roller 70 by toner control signals Q, in accor- 
dance with the sensor signals S. The microcom- 
puter 81 also controls the transfer bias voltage 
source 30 by transfer control signals U. On the 
photoconductive drum 21 , marks F and R indicates 
top and bottom of the portion to be developed 
which corresponds to the front edge P F and the 
rear edge P R of the receiving paper 28, respec- 
tively. 

Usually, the size of the receiving paper 28 is 
detected by a detecting device on paper tray and 
the movement is determined by signals from a 
paper supply roller. However, for the receiving pa- 
per 28 of non-custom size is to be dealt with, the 
sensor 80 is necessary. 
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Fig. 27(A) shows one possible embodiment of 
the sensor 80 utilizing a micro-switch 83 for pro- 
ducing sensor signals S which is turned on and off 
by an actuator 84 to be pushed down when the 
front edge Pf is fed through guides 85a, 85b, and 
85c, and to be released when the rear edge P R 
passes through. 

Fig. 27(B) shows another possible embodiment 
of the sensor 80 utilizing a pair of a LED device 
86a for emitting light and a photodiode imaging 
device 86b for receiving the light from the LED 
device 86a. where the interruption of the light re- 
ception by the photodiode imaging device 86b due 
to the passing of the receiving paper 28 along the 
guides 85a and 85b causes the photodiode imag- 
ing device 86b to produce the sensor signals S. 
Here, the detection by the sensor 80 may be 
restricted to that of the rear edge P R alone, leaving 
the detection of the front edge P F to a signals from 
a paper supply roller, when the sensor 80 needs, 
for designing reason, to be located so close to the 
photoconductive drum 21 that the detection of the 
front edge Pf by the sensor 80 can only be too 
(ate. 

The toner supply control unit 82 controls the 
developing roller 70 as follows. 

As shown in Fig. 28(A), the developing roller 70 
has a hollow cylindrical sleeve 87 inside of which 
there is a magnet roller 88 carrying two pair of 
opposite magnetic poles N1, N2, and S1, S2, the 
sleeve 87 and the magnet roller 88 being sepa- 
rately rotatable. In suppressing the toner supply, 
this developing roller 70 is controlled such that the 
magnetic pole N1, over which a piie of toner 89 is 
present, is located away from the photoconductive 
drum 21 so that the pile of toner 89 does not touch 
the photoconductive drum 21, even when the 
sleeve 87 is constantly rotated in a direction of an 
arrow in order to keep the toner charged up. 

On the other hand, as shown in Fig. 28(B), in 
providing the toner supply, this developing roller 70 
is controlled such that the magnet roller 88 is 
rotated counter-clockwise till the magnetic pole N1, 
over which the piie of toner 89 is present, is 
located closest to the photoconductive drum 21 so 
that the piie of toner 89 does touch the photocon- 
ductive drum 21. even when the sleeve 87 is 
constantly rotated in a direction of an arrow in 
order to keep the toner charged up. 

The timing relation for such toner supply sup- 
pression is as follows. 

First, the magnet roller 88 is rotated counter- 
clockwise till the magnetic pole N1 carrying the 
pile of toner 89 is located closest to the photocon- 
ductive drum 21 so that the pile of toner 89 touch 
the photoconductive drum 21 at a point marked F, 
and as the photoconductive drum 21 rotates in 
clockwise direction, the point marked F meets the 



front edge Pf of the receiving paper 28 between 
the photoconductive drum 21 and the transfer roller 
29 to start transferring, as shown in Fig. 29(A). 
Then, when the photoconductive drum 21 fur- 

5 ther rotates in clockwise direction so that the point 
marked R comes under the developing roller 70, 
the magnetic roller 88 is rotated clockwise till the 
magnetic pole N1 carrying the pile of toner 89 is 
located away from the photoconductive drum 21 so 

to that the supply of the toner stops, as shown in Fig. 
29(B). The point marked R on the photoconductive 
drum 21 eventually comes around to meet the rear 
edge P R of the receiving paper 28 between the 
photoconductive drum 21 and the transfer roller 29 

15 to end transferring. 

In this transfer process, the toner supply con- 
trol by the developing roller 70 as well as the 
transferring by the transfer roller 29 are controlled 
by the development signals Q and the transfer 

20 signals U from the microcomputer 81, in accor- 
dance with the sensor signals S, in the timing 
shown in Fig. 30, in which the on and off of the 
signals are represented in binary by 1 and 0, 
respectively. 

25 Namely, at time TO, the sensor 80 detects the 

passage of the front edge Pf of the receiving paper 
28 and produces the sensor signals S to the micro- 
computer 81 . 

Then, the microcomputer 81 sends the devel- 

30 opment signals Q to the toner supply control unit 
82 at time T1 prescribed to be later than the time 
TO to start the supply of toner from the developing 
roller 70 at the point marked F. 

Then, the microcomputer 81 sends the transfer 

35 signals U to the transfer bias voltage source not 
shown at time T2 prescribed to be later than the 
time T1 to start applying the transfer bias voltage 
to the transfer roller 29 so as to start the transfer 
when the point marked F meets the front edge P F 

40 of the receiving paper 28. 

When the sensor 80 detects the passage of the 
rear edge P R of the receiving paper 28 and the 
sensor signals S to the microcomputer 81 stops at 
time T3, the microcomputer 81 stops the develop- 

45 ment signals Q to the toner supply control unit 82 
after a prescribed time delay Ta from the time T3 
to stop the supply of toner from the developing 
roller 70 at the point marked R. 

Finally, the microcomputer 81 stops the trans- 

50 fer signals U to the transfer bias voltage source 
after a prescribed time delay Tb from the time T3 
to stop the transfer bias voltage application to the 
transfer roller 29 so as to end the transfer when the 
point marked R meets the rear edge P R of the 
55 receiving paper 28. 

In determining the timing for the transfer bias 
voltage application needs the following consider- 
ation. 
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In principle, the transfer bias voltage applica- 
tion starts when the front edge P F of the receiving 
paper 28 comes to the contact point between the 
photoconductive drum 21 and the transfer roller 29, 
and ends when the rear edge P R of the receiving 
paper 28 reaches the contact point between the 
photoconductive drum 21 and the transfer roller 29. 
This prevents an accidental printing such as that 
due to the drifting toner, and moreover reduces the 
chance of accidentally damaging the photoconduc- 
tive drum 21 caused by applying the transfer bias 
voltage without the receiving paper 28 between the 
photoconductive drum 21 and the transfer roller 29. 

However, when this application of the transfer 
bias voltage is carries out in an exact or premature 
timing there might be a jamming of the receiving 
paper 28 which gets roiled around the photocon- 
ductive drum 21 . For this reason, it is preferable to 
start applying the transfer bias voltage after the 
front edge Pp of the receiving paper 28 moved 
some distance such as 1 mm from the contact 
point between the photoconductive drum 21 and 
the transfer roller 29, as shown in Fig. 31(A). 

Alternatively, the application of the transfer bias 
voltage may start earlier with reduced voltage at 
which the jamming is less frequent Two examples 
of such transfer bias voltage are shown in Fig. 31- 

(B) in which the transfer bias voltage is gradually 
increased, and in Fig. 31(C) in which the transfer 
bias voltage is increased step-wise. In both cases, 
the care has been taken to keep the transfer bias 
voltage less than 1kV, beyond which the jamming 
becomes serious concern. With this smaller trans- 
fer bias voltage, the toner transfer efficiency is 
reduced to below 50%, but no practical trouble 
arises since very often there is no image near the 
front edge Pf. 

Similarly, when stopping the application of the 
transfer bias voltage, it is in principle the best to do 
so exactly when the rear edge P R of the receiving 
paper 28 reaches the contact point between the 
photoconductive drum 21 and the transfer roller 29, 
but slightly earlier turning off may also be accept- 
able. 

One variation of the toner supply suppression 
described above is shown in Figs. 32(A), (B), and 

(C) . 

Here, instead of controlling the movement of 
the magnet roller 88, a leveling blade 90 for adjust- 
ing thickness of the toner on the developing roller 
is provided around the sleeve 87, whose movement 
with respect to the sleeve 87 is controlled such that 
in suppressing the toner supply the leveling blade 
90 is brought closer to the sleeve 87 so as to level 
down the pile of toner 89 on the sleeve 87 as 
shown in Fig. 32(A), whereas in providing the toner 
supply the leveling blade 90 is moved away from 
the sleeve 87 so as to allow the pile of toner 89 to 



approach the photoconductive drum 21, as shown 
in Fig. 32(B). 

Fig. 32(C) shows a further improvement of this 
variation accomplished by providing a developing 

s bias controller 91 connected to the sleeve 87. In 
this case, in addition to the movement of the level- 
ing blade 90 as described above, the developing 
bias controller 91 is also controlled such that in 
suppressing the toner supply the suppressing volt- 

w age V N nearly equal to the potential level of the 
surface of the photoconductive drum 21 is applied 
to the sleeve 87 in order to ensure that the toner 
supply is suppressed, whereas in providing the 
toner supply the supplying voltage V B much lower 

75 than the suppressing voltage V N is applied to the 
sleeve 87. 

As a similar improvement a whole sleeve 87 or 
even the developing device itself may be made to 
move away from the photoconductive drum 21 in 

20 suppressing the toner supply, if desired. 

One variation of the electrophotographic print- 
ing apparatus of Fig. 26 is shown in Figs. 33, which 
is particularly suitable for a laser printer. 

Here, in addition to the sensor 80, there is 

25 provided an image detecting unit 92 which is fed 
with the data on the letters and images to be 
printed and provides the information on the front 
and rear ends of the letters and images to be 
printed. With this additional information the micro- 

30 computer 81 can perform even more efficient con- 
trolling of the toner supply from the developing 
roller 70 and the transfer bias voltage application 
from the transfer bias voltage source 30, taking the 
account of distribution of the actual letters and 

35 images to be printed rather than just the receiving 
paper size. 

Such a toner supply control just described can 
reduce the amount of residual toner on the pho- 
toconductive drum 21 to be less than a half, and 

40 that on the transfer roller 29 to be less than a fifth. 
This latter reduction is so much that only an ser- 
vice personnel in regular periodic inspection need 
to discard the accumulated toner, relieving the user 
from any maintenance effort in this regard. It evt- 

45 dently also reduces the contamination of the trans- 
fer roller 29. 

It is to be noted that the application of the 
toner supply control just described is not necessar- 
ily limited to the other features of the elec- 

50 trophotographic printing apparatus described ear- 
lier, and can be beneficially applied to other sys- 
tems such as those using one-component magnetic 
toner, one-component non-magnetic toner, or those 
utilizing corona charger instead of the transfer roll- 

55 er. 

Now, in the above description of the elec- 
trophotographic printing apparatus of Fig. 16, the 
residual toner 32 on the photoconductive drum 21 
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is to be cleaned by the cleaning device 33 before 
the next printing process. However, by using the 
transfer roller 29 according to the present inven- 
tion, this cleaning of the residual toner 32 can also 
be accomplished without the cleaning device 33, as 
in the following. 

As already explained in the descriptions of 
various embodiments of the transfer roller, the use 
of these soft transfer roller according to the present 
invention can reduce the amount of the residual 
toner drastically, even in highly humid environment. 
As a result, when the photoconductive drum 21 is 
illuminated by the deletion lamp 34 for cleaning out 
the negative charges 23 on the photoconductive 
drum 21. the illumination light from the deletion 
lamp 34 can reach the surface of the photoconduc- 
tive drum 21 regardless of the presence of the 
residual toner 32 on the surface of the photocon- 
ductive drum 21 , as the residual toner 32 is very 
thin even if it is present. Consequently, the nega- 
tive charge 23 on the photoconductive drum 21 can 
almost completely be eliminated by this illumina- 
tion by the deletion lamp. Likewise, when the pho- 
toconductive drum 21 is to be charged up by the 
charger 22 in the following printing process, the 
photoconductive drum 21 can almost completely 
uniformly be charged up regardless of the pres- 
ence of the residual toner 32, and when the pho- 
toconductive drum 21 is subsequently to be illumi- 
nated by the light signal 24 for the electrostatic 
latent image formation, a complete electrostatic 
latent image can be formed as the light signal 24 
can penetrate through the thin residual toner even 
if it existed. This fact is evidenced in Fig. 34 which 
shows the relationship between the transfer effi- 
ciency and the potential level of the surface of the 
photoconductive drum 21 after the laser illumina- 
tion. As shown in Fig. 34. the discharging of the 
negative charge 23 performed in the electrostatic 
latent image formation by the light signal 24 can 
effectively done for the higher efficiency which is 
consistently obtainable by the use of the transfer 
roller according to the present invention. 

Because of this fact, the removal of the resid- 
ual toner 32 before the charging by the charger 22 
and the illumination by the light signal 24 for the 
next printing process is not essential in the elec- 
trophotographic printing apparatus using the trans- 
fer roller 29 according to the present invention. In 
fact, the developing device 26 can be utilized for 
the effective removal of the unnecessary toner as 
follows. 

When the photoconductive drum 21 with the 
electrostatic latent image formed by the light signal 
24 and the residual toner 32 from the previous 
printing comes around to the developing device 26. 
those residual toner 32 not illuminated by the light 
signal 24 to discharge the negative charge 23 



underneath, i.e., those not on a part of the new 
electrostatic latent image, have the potential lower 
than that of the developing roller 70 biased by the 
bias voltage source 25 so that these residual toner 
5 will be attracted to the developing roller and there- 
by removed from the photoconductive drum 21 . On 
the other hand, those residual toner 32 illuminated 
by the light signal 24 to discharge the negative 
charge 23 underneath, i.e., those on a part of the 
70 new electrostatic latent image, have the potential 
higher than or equal to the developing roller so that 
these residual toner will remain on the photocon- 
ductive drum 21, but since these portion of the 
photoconductive drum 21 is to be supplied with the 
75 toner from the developing device 33 anyway so 
that the continuing presence of the residual toner 
there causes no problem. 

In this manner, only those residual toner 32 
which is not going to be a part of the new electro- 
20 static latent image will be effectively removed by 
the developing device 33 so that undesirable phe- 
nomena such as fog due to the residual toner can 
be prevented, without the use of the cleaning de- 
vice 33for cleaning the residual toner 32. 
25 One suitable configuration of the developing 
roller of the developing device 33 will now be 
described with reference to Fig. 35. 

This developing roller 70 has a sleeve 71 
which includes a negative section 72 connected to 
30 the negative developing bias voltage source 73 and 
a positive section 74 connected to the positive 
developing bias voltage source 75, which are sepa- 
rated by insulators 76a and 76b. Inside this sleeve 
71, there is provided a magnet roller 77 which can 
35 rotate with respect to the sleeve 71 in a direction 
opposite to that of the photoconductive drum 21 as 
indicated by arrows. The rotation of this magnet 
roller 77 with respect to the sleeve 71 causes 
magnetic toner 49 to move along the sleeve 71. 
40 Thickness of such magnetic toner 49 on the sleeve 
71 is controlled by a blade not shown which is 
located around the developing roller 70 in such a 
position as to perform this controlling of the thick- 
ness of the magnetic toner 49 on the sleeve 71 
45 before the magnetic toner 49 is brought into con- 
tact with the photoconductive drum 21. This same 
blade is also responsible for negatively charging 
the magnetic toner 49. Now, when the residual 
toner 32 comes around to the positive section 74 of 
so the developing roller 70 the negatively charged 
residual toner 32 will be attracted to the positive 
section 74 and be carried away from the photocon- 
ductive drum 21 with other magnetic toner 49 mov- 
ing along the sleeve 71 so that it can be used as a 
55 supply again. On the other hand, when the electro- 
static latent image portion comes around to the 
negative section 72 of the developing roller 70 the 
negatively charged magnetic toner 49 will be at- 
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tached on the electrostatic latent image portion 
electrostatically to form the visible image. 

Thus, both the cleaning of the residual toner 
from the previous printing and the developing of 
the new electrostatic latent image can be handled 
by one and the same developing roller 70 in this 
embodiment. 

Although in the last embodiment of the devel- 
oping roller 70 the residual toner 32 is returned to 
the toner supply, when the cleaning device 33 
described earlier is to be used, the residual toner 
32 is collected and this have to be discarded later 
by a user. Also, the toner attached on the transfer 
roller 29 cleaned by the transfer roller cleaning 
blade 40 is collected and this too have to be 
discarded later by the user. 

Besides those already mentioned, many modi- 
fications and variations of the above embodiments 
may be made without departing from the novel and 
advantageous features of the present invention. Ac- 
cordingly, all such modifications and variations are 
intended to be included within the scope of the 
appended claims. 



Claims 

1 . A transfer device for an electrophotographic 
printing apparatus, in which a toner image(8) 
formed by toner is to be transferred onto a receiv- 
ing paper(9), comprising: 

photoconductive drum means(7) for carrying the 
toner image(8) formed in accordance with an elec- 
trostatic latent image formed thereon; 
transfer roller means(5) which makes contact with 
the photoconductive drum means(7) for effectuating 
the transfer of the toner image(8) onto the receiving 
paper(9), the receiving paper(9) being conveyed 
between the transfer roller means(5) and the pho- 
toconductive drum means(7); and 
transfer bias voltage source means(10) for applying 
a transfer bias voltage which causes the transfer of 
the toner image(8), to the transfer roller means(5); 
characterized in that the transfer roller means(5) 
includes: 

outermost resistive layer(1) which makes contact 
with the receiving paper(9); 
flexible conductive layer(2) to be inside and elec- 
trically connected to the resistive layer(1); and 
elastically deformable elastic sponge rubber layer- 
(3) inside the conductive layer(2). 

2. The device of claim 1 , wherein the resistive 
layer{1) has a resistivity per unit area in a range of 
1 x 10 7 - 1 x 10 10 Q«cm 2 . 

3. The device of claim 2, wherein the resistive 
layer(1) has the resistivity per unit area in a range 
of 1 x 10 8 • 5 x 10 8 0»cm 2 . 



4. The device of claim 2, wherein the conduc- 
tive !ayer(2) has a volume resistivity less than 10 6 
Q«cm. 

5. The device of claim 4, wherein the conduc- 
s tive layer(2) has the volume resistivity less than 

10 s fl«cm. 

6. The device of claim 1, wherein the elastic 
sponge rubber layer(3) has a thickness not less 
than ten times a sum of thicknesses of the resistive 

io layer(1) and the conductive layer(2). 

7. The device of claim 1, wherein the elastic 
sponge rubber layer(3) has a thickness more than 
2 mm. 

8. The device of claim 1, wherein the elastic 
is sponge rubber layer(3) has a rubber hardness less 

than that corresponding to 30 degree for Japanese 
Industrial Standard, and wherein the transfer roller 
means(5) makes contact with the photoconductive 
drum means(7) with a pressure in a range of 20 - 
20 300 g/cm 2 . 

9. The device of claim 8, wherein the transfer 
roller means(5) makes contact with the photocon- 
ductive drum means(7) with a pressure in a range 
of 100-200 g/cm 2 . 

25 10. The device of claim 1, wherein the transfer 

roller means(5) further includes: 
metallic shaft(4) inside the elastic sponge rubber 
layer(3) to which the transfer bias voltage is ap- 
plied; and 

30 elastically deformable elastic conductive portion(6a, 

6b) electrically connecting the metallic shaft(4) and 

the conductive layer(2). 

1 1 . The device of claim 1 , wherein the resistive 

layer(1) has a resin sheet structure. 
35 12. The device of claim 1, wherein the elastic 

sponge rubber layer(3) has a continuous- foam 

structure. 

13. The device of claim 1, wherein the transfer 
roller means(5) further comprises a conductive rub- 

40 ber layer(12) between the conductive layer(2) and 
the elastic sponge rubber layer(3). 

14. The device of claim 1, wherein a surface of 
the transfer roller means(5) has no concavity deep- 
er than 12 urn depth. 

45 15. The device of claim 14, wherein a surface 

of the transfer roller means(5) has no concavity 
deeper than 5 urn depth. 

1 6. The device of claim 1 , wherein a surface of 
the transfer roller means(5) has no waving deeper 

so than 20 am depth. 

17. The device of claim 1, wherein the transfer 
roller means(5) further includes extended member- 
(1 / 13a, 13b) having a resistivity not less than that 
of the resistive layer(1), extending in a direction 

55 along axis of rotation of the transfer roller means- 
(5), to be longer in this direction than the conduc- 
tive layer(2). 
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18. The device of claim 17, wherein the ex- 
tended member(1 / 13a, 13b) is longer in the 
direction along axis of rotation of the transfer roller 
means(5) than the conductive layer(2) by a length 
in a range of 0.5 - 5 mm at both ends. 

19. The device of claim 1, wherein the resistive 
layer(1) has a resistivity which decreases as at- 
mospheric vapor pressure increases. 

20. The device of claim 19, wherein the re- 
sistivity of the resistive layer(1) times a thickness of 
the resistive layer(1) takes a value in a range of 1 
x 10 7 • 1 x 10 9 Q«cm 2 when the atmospheric 
vapor pressure is in a range of 10 - 40 mb. 

21. The device of claim 19, wherein the resis- 
tive layer(1) is made of vinylidene fluoride. 

22. The device of claim 1 , further comprising 
incompressible and insulative guiding ring means- 
(18a, 18b) having contact with the photoconductive 
drum means(7) and to be attached on sides of the 
transfer roller means(5). for intermediating rotation- 
al motion of the photoconductive drum means(7) to 
the transfer roller means(5), the guide ring means- 
(18a, 18b) having radius less than that of the trans- 
fer roller means(5). 

23. The device of claim 22, wherein the radius 
of the guide ring means(18a, 18b) is less than that 
of the transfer roller means(5) by no more than 300 
U.m. 

24. The device of claim 23, wherein the radius 
of the guide ring means(18a, 18b) is less than that 
of the transfer roller means(5) by no more than 150 
u.m. 

25. The device of claim 1, wherein the transfer 
bias voltage source means(10 / 30) applies the 
transfer bias voltage in pulsed form. 

26. The device of claim 25, wherein the pulsed 
form transfer bias voltage has a pulse width in a 
range between 0.2 sec and 4 usee. 

27. The device of claim 26, wherein the pulsed 
form transfer bias voltage has a pulse width in a 
range between 20 msec and 1 msec. 

28. The device of claim 25, wherein the pulsed 
form transfer bias voltage pulsates at least twice 
during a time in which a point on the receiving 
paper(9 / 28) passes through the contact area 
between the transfer roller means(5 / 29) and the 
photoconductive drum means(7 / 21). 

29. The device of claim 25, wherein the trans- 
fer bias voltage source means(10 / 30) is equipped 
with a variable resister(35) protection against cur- 
rent overflow. 

30. The device of claim 25, wherein the pulsed 
form transfer bias voltage is obtained as an AC 
voltage biased by a DC voltage. 

31. The device of claim 1, further comprising: 
control charger means(36) located around the 
transfer roller means(5 / 29) for charging up the 
toner on the transfer roller means(5 / 29); and 



cleaning device(33) located around the photocon- 
ductive drum means(7 / 21) for removing the toner 
on the photoconductive drum means(7 / 21) after 
the transferring; 

s and wherein the transferring is followed by a roller 
cleaning in which toner on the transfer roller 
means(5 / 29) is charged up by the control charger 
means (36), and then the transfer bias voltage is 
applied by the transfer bias voltage source means- 

ro (10 / 30). 

32. The device of claim 1, further comprising: 
main charger means(22) for charging up the pho- 
toconductive drum means; 
control charger means(36) located around the 

75 transfer roller means(5 / 29) for charging up the 
toner on the transfer roller means(5 / 29); and 
cleaning device(33) located around the photocon- 
ductive drum means(7 / 21) for removing the toner 
on the photoconductive drum means(7 / 21) after 

20 the transferring; 

and wherein the transferring is followed by a roller 
cleaning in which toner on the transfer roller 
means(5 / 29) is charged up by the control 
charger(36) t and the photoconductive drum means- 

25 (7/21) is charged up by the main charger means- 
(22) such that the potential level of the photocon- 
ductive drum means(7 / 21) is lower than that of 
the transfer roller means(5 / 29). 

33. The device of claim 1 , further comprising 
30 transfer roller cleaning blade means(40) making 

contact with surface of the transfer roller means(5 / 
29), for cleaning the toner on the transfer roller 
means(5 / 29), the blade means(40) having a pivot 
arranged to be in a side closer to the transfer roller 
35 means(5 / 29) with respect to a tangent line of the 
surface of the transfer roller means(5 / 29) at loca- 
tion where the blade means(40) makes contact with 
the transfer roller means(5 / 29). 

34. The device of claim 33, wherein the pivot 
40 of the blade means(40) is located ahead in a direc- 
tion of rotation of the transfer roller means(5 / 29), 
with respect to the location where the blade 
means(40) makes contact with the transfer roller 
means(5 / 29) 

45 35. The device of claim 33, wherein the blade 
means(40) having a supporting member(43) which 
is not straight, and wherein the blade means(40) is 
given a pressure against the transfer roller means(5 
/ 29) externally. 

so 36. The device of claim 33, wherein a line 
pressure between the transfer roller means(5 / 29) 
and the blade means(40) is less than that between 
the transfer roller means(5 / 29) and the photocon- 
ductive drum means(7 / 21) by no less than 5 

55 g/cm. 
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37. The device of claim 33, wherein a line 
pressure between the transfer roller means(5 / 29) 
and the blade means(40) is in a range of 10-35 
g/cm. 

38. The device of claim 1, further comprising: 
developing means(26) for supplying toner to the 
electrostatic latent image on the photoconductive 
drum means(7 / 21); 

sensor means(80) for detecting area to be given 
the toner from the developing means(26); and 
toner control means(81) for controlling the develop- 
ing means(26) such that toner is supplied only to 
those area detected by the sensor means(80). 

39. The device of claim 38, further comprising 
transfer control means(81) for controlling the trans- 
fer bias voltage source means(10 . 30) such that 
the transfer bias voltage is applied only when the 
area with the toner given comes to the transfer 
roller means(5 t 29). 

40. The device of claim 39, wherein the control 
by the transfer control means(81) is such that the 
transfer bias voltage application begins after a front 
edge of the receiving paper(9 / 28) moved a pre- 
scribed distance from a contact point between the 
transfer roller means(5 / 29) and the photoconduc- 
tive drum means(7 ' 21). 

41 . The device of claim 39. wherein the control 
by the transfer control means(81) is such that the 
transfer bias voltage is increased from zero before 
a front edge of the receiving paper(9 / 28) reaches 
a contact point between the transfer roller means(5 
• 29) and the photoconductive drum means(7 ' 21 ) 
to a non-zero value after the front edge of the 
receiving paper(9 / 28) moved a prescribed dis- 
tance from the contact point between the transfer 
roller means(5 - 29) and the photoconductive drum 
means(7 21). 

42. The device of claim 38. wherein the devel- 
oping means(26) includes rotatable magnet roller 
means(88) for making localized pile of the toner- 
(89), and wherein the toner control means(81) con- 
trols the magnet roller means(88) such that a dis- 
tance between the localized pile of the toner(89) 
and the photoconductive drum means(7 21) is 
changed. 

43. The device of claim 38, wherein the devel- 
oping means(26) includes sleeve(87) from which 
the toner is supplied and leveling blade means(90) 
located around the sleeve(87) for limiting amount of 
the toner on the sleeve(87), and wherein the toner 
control means(81) controls the leveling blade 
means(90) such that the amount of the toner on the 
sleeve(87) is changed. 

44. The device of claim 43, wherein the devel- 
oping means(26) further includes selective bias 
voltage means(91) for applying selected bias volt- 
age to the sleeve(87), and wherein toner control 



means(81) also controls the selective bias voltage 
means(91) such that the potential level of the 
sleeve(87) is changed. 

45. A transfer device for an electrophotographic 

5 printing apparatus, in which a toner image(8) 
formed by a toner is to be transferred onto a 
receiving paper(9), comprising: 
photoconductive drum means(7) for carrying the 
toner image(8) formed in accordance with an elec- 

w trostatic latent image formed thereon; 

transfer roller means(5) which makes contact with 
the photoconductive drum means(7) for effectuating 
the transfer of the toner image(8) onto the receiving 
paper(9), the receiving paper(9) being conveyed 

is between the transfer roller means(5) and the pho- 
toconductive drum means(7); and 
transfer bias voltage source means(10) for applying 
a transfer bias voltage which causes the transfer of 
the toner image(8), to the transfer roller means; 

20 characterized in that the transfer roller means(5) 
having an outer surface which makes contact with 
the receiving paper(9) and which has a resistivity 
which decreases as atmospheric vapor pressure 
increases. 

25 46. A method of toner image transfer for an 

electrophotographic printing apparatus, in which a 
toner image(8) formed by a toner is to be trans- 
ferred onto a receiving paper(9), comprising the 
steps of: 

30 forming an electrostatic latent image on an pho- 
toconductive drum(7); 

developing the electrostatic latent image by toner 
to obtain a toner image(8); 

transferring the toner image(8) onto the receiving 
35 paper(9) by conveying the receiving paper(9) to a 
transfer area, and by applying a transfer bias volt- 
age to the receiving paper(9); 
characterized in that at the transferring step the 
transfer bias voltage is applied in pulsed form. 
40 47. The method of claim 46, wherein the pul- 

sed form transfer bias voltage has a pulse width in 
a range between 0.2 sec and 4 usee. 

48. The. method of claim 47, wherein the pul- 
sed form transfer bias voltage has a pulse width in 

45 a range between 20 msec and 1 msec. 

49. The method of claim 46, wherein the pul- 
sed form transfer bias voltage pulsates at least 
twice during a time in which a point on the receiv- 
ing paper(9) passes through the transfer area. 

so 50. The method of claim 46, wherein the trans- 

fer bias voltage is applied by a transfer bias volt- 
age source equipped with a variable resisted pro- 
tection against current overflow. 

51. The method of claim 46, wherein the pul- 

55 sed form transfer bias voltage is obtained as an AC 
voltage biased by a DC voltage. 
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52. A transfer device for an electrophotographic 
printing apparatus, in which a toner image formed 
by a toner is to be transferred onto a receiving 
paper(28), comprising: 

photoconductive drum means(21) for carrying the 
toner image formed in accordance with an electro- 
static latent image formed thereon; 
transfer roller means(29) which makes contact with 
the photoconductive drum means(2l) for effectuat- 
ing the transfer of the toner image onto the receiv- 
ing paper(28), the receiving paper(28) being con- 
veyed between the transfer roller means(29) and 
the photoconductive drum means(21); 
transfer bias voltage source means(30) for applying 
a transfer bias voltage which causes the transfer of 
the toner image, to the transfer roller means(29); 
and 

developing means(26) for supplying toner to the 
electrostatic latent image on the photoconductive 
drum means(21); 

characterized by further comprising: 
sensor means (80) for detecting an area on the 
photoconductive drum means(21) to be given toner 
from the developing means(26); and 
toner control means(81 ) for controlling the develop- 
ing means(26) such that toner is supplied only to 
those area detected by the sensor means(80). 

53. The device of claim 52, further comprising 
transfer control means(81) for controlling the trans- 
fer bias voltage source means(30) such that the 
transfer bias voltage is applied only when the area 
with toner given comes to the transfer roller 
means(29). 

54. The device of claim 53, wherein the control 
by the transfer control means(81) is such that the 
transfer bias voltage application begins after a front 
edge of the receiving paper(28) moved a pre- 
scnbed distance from a contact point between the 
transfer roller means(29) and the photoconductive 
drum means(21). 

55. The device of claim 53, wherein the control 
by the transfer control means(81 ) is such that the 
transfer bias voltage is increased from zero before 
a front edge of the receiving paper (28) reaches a 
contact point between the transfer roller means(29) 
and the photoconductive drum means(21 ) to a non- 
zero value after the front edge of the receiving 
paper(28) moved a prescribed distance from the 
contact point between the transfer roller means(29) 
and the photoconductive drum means(21). 

56. The device of claim 53, wherein the devel- 
oping means(26) includes rotatable magnet roller 
means(88) for making localized pile of the toner- 
(89). and wherein the toner control means(8l) con- 
trols the magnet roller means(88) such that a dis- 
tance between the localized pile of the toner(89) 
and the photoconductive drum means(21) is 
changed. 



57. The device of claim 52, wherein the devel- 
oping means(26) includes sleeve(87) from which 
the toner is supplied and leveling blade means(90) 
located around the sleeve(87) for limiting amount of 

5 the toner on the sleeve(87), and wherein the toner 
control means(81) controls the leveling blade 
means(90) such that the amount of the toner on the 
sleeve(87) is changed. 

58. The device of claim 57, wherein the devel- 
10 oping means(26) further includes selective bias 

voltage means(91) for applying selected bias volt- 
age to the sleeve(87), and wherein toner control 
means(81) also controls the selective bias voltage 
means(91) such that the potential level of the 
75 sleeve(87) is changed. 

59. A method of toner image transfer for an 
electrophotographic printing apparatus, in which a 
toner image formed by toner is to be transferred 
onto a receiving paper(28), comprising the steps of: 

20 forming an electrostatic latent image on an pho- 
toconductive drum(21); 

developing the electrostatic latent image by toner 

to obtain a toner image; and 

transferring the toner image onto the receiving 
25 paper(28) by conveying the receiving paper(28) to 

a transfer area, and by applying a transfer bias 

voltage to the receiving paper(28); 

characterized by further comprising the steps of: 

detecting an area on the photoconductive drum(21) 
30 to be given the toner from the developing means- 

(26); 

and characterized in that at the developing step 
only the detected area is developed by toner to 
obtain a toner image. 
35 60. The method of claim 59, wherein at the 
transferring step the transfer bias voltage is applied 
only when the area with toner given comes to the 
transfer area. 

61. The method of claim 60, wherein at the 
40 transferring step the transfer bias voltage applica- 
tion begins after a front edge of the receiving 
paper(28) moved a prescribed distance from the 
transfer area. 

62. The method of claim 60, wherein at the 
45 transferring step the transfer bias voltage is in- 
creased from zero before a front edge of the re- 
ceiving paper(28) reaches the transfer area to a 
non-zero value after the front edge of the receiving 
paper moved a prescribed distance from the trans- 

so fer area. 

63. The method of claim 59, wherein at the 
developing step, rotatable magnet roller means(88) 
for making localized pile of the toner(89) is con- 
trolled such that a distance between the localized 

55 pile of the toner(89) and the photoconductive drum- 
(21) is changed. 
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64. The method of claim 59, wherein at the 
developing step, leveling blade means(90) located 
around a sleeve(87) for limiting amount of the toner 
on the sleeve(87) is controlled such that the . 
amount of the toner on the sleeve(87) is changed. 5 

65. The device of claim 64, wherein at the 
developing step, selective bias voltage means(91) 
for applying selected bias voltage to the sleeve(87) 
is controlled such that the potential level of the 
sleeve(87) is changed. 10 

66. The device of claim 1 , further comprising: 
developing means(26) for supplying toner to the 
electrostatic latent image on the photoconductive 
drum means(7 / 21); and 

bias voltage means(25) for giving bias voltage to rs 
the developing means(26) such that the residual 
toner left on the photoconductive drum means(7 / 
21) from previous printing which is not on new 
latent image formed on the photoconductive drum 
means(7 / 21) is attracted toward the developing 20 
means(26). 

67. The device of claim 66, wherein the devel- 
oping means(26) includes a developing roller(70) 
having a positive sleeve portion(74) and a negative 
portion(72), and wherein the bias voltage means- 2s 
(25) includes a positive bias voltage source(75) 
connected to the positive sleeve portion(74) and a 
negative bias voltage source(73) connected to the 
negative sleeve portion(72). 
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